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CERTIFICATION 


Hewlett-Packard Company certifies that this product met its published specifications 
at the time of shipment from the factory. Hewlett-Packard further certifies that its 
calibration measurements are traceable to the United States National Bureau of 
Standards, to the extent allowed by the Bureau’s calibration facility, and to the 
calibration facilities of other International Standards Organization members. 


WARRANTY 


This Hewlett-Packard instrument product is warranted against defects in material 
and workmanship fora period of one year from date of shipment. During the warranty 
period, Hewlett-Packard Company will, at its option, either repair or replace products 
which prove to be defective. 


For warranty service or repair, this product must be returned to a service facility 
designated by HP. Buyer shall prepay shipping charges to HP and HP shall pay 
shipping charges to return the product to Buyer. However, Buyer shall pay all ship- 
ping charges, duties, and taxes for products returned to HP from another country. 


HP warrants that its software and firmware designated by HP for use with an 
instrument will execute its programming instructions when properly installed on that 
instrument. HP does not warrant that the operation of the instrument, or software, or 
firmware will be uninterrupted or error free. 


LIMITATION OF WARRANTY 


The foregoing warranty shall not apply to defects resulting from improper or inade- 
quate maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized 
modification or misuse, operation outside of the environmental specifications for the 
product, or improper site preparation or maintenance. 


NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY 
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR PURPOSE. 


EXCLUSIVE REMEDIES 

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE 
REMEDIES. HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPE- 
CIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED 
ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY. 


ASSISTANCE 


Product maintenance agreements and other customer assistance agreements are 
available for Hewlett-Packard products. 


For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. 
Addresses are provided at the back of this manual. 


MANUAL CHANGES 


MANUAL IDENTIFICATION 


Model Number: 435B 
POWER METER Date Printed: January 1983 
Part Number: 00435-90035 


This supplement contains important information for correcting manual errors and for adapting the manual to 
instruments containing improvements made after the printing of the manual. 


To use this supplement: - 
Make all ERRATA corrections 


Make all appropriate serial number related changes indicated in the tables below. 


Serial Prefix or Number Make Manual Changes Serial Prefix or Number Make Manual Changes 


pb 2342A, 2342U 


Bb NEW ITEM 


ERRATA 


B Page 1-1, paragraph 1-2: 
In the first sentence delete options “009 to 013”. 


Bb Page 1-3, paragraph 1-6: 
Add the following after Option 003: 
Option 004. The 1.5 metre (5 ft.) Power Sensor Cable is not shipped with the Power Meter. 


& Page 1-3, paragraph 1-7: 
Delete paragraph 1-7 (Cable Options). 


& Page 1-3, paragraph 1-10: 
Add the following after paragraph 1-10: 
The following table lists the cable accessories and their lengths that are available for use with 
the Power Meter. Order option 004 if the standard 1.5 metre cable is not desired with a cable 
accessory. 


Cable Accessory Cable Length 


11730B 3.1m (10 ft) 
11730C 6.1m (20 ft) 
11730D »15.2m (50 ft) 
11730E 30.5m (100 ft) 
11730F 61.0m (200 ft) 


NOTE 


Manual change supplements are revised as often as necessary to keep manuals as current and accurate as possible. 
Hewlett-Packard recommends that you periodically request the latest edition of this supplement. Free copies are available 
from all HP offices. When requesting copies quote the manual identification information from your supplement, or the model 
number and print date from the title page of the manual. 
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ERRATA (cont'd) 


Page 6-4, ‘lable 6-2: 
A302. Change the part number for A3Q2 to the following: 
1854-0810 CD2 TRANSISTOR NPN SI PD = 625 mW FT = 200 MHz 28480 1854-0810. 


Page 6-5, Table 6-2: 
Add the following below A3VR2: 
A4 00435-60033 CD6 AMPLIFIER/POWER SUPPLY ASSEMBLY 28480 00435-60033. 
B> AACRI, 2. The recommended replacement for A4CR1, 2, if they fail, is found in Change 1. 


Page 6-6, Table 6-2: 
A4Q3-5, 14, 15. Change the part number for A4Q3-5, 14, 15 to the following: 
1854-0810 CD2 TRANSISTOR NPN SI PD = 625 mW FT = 200 MHz 28480 1854-0810. 
B> A4R20. The recommended replacement for A4R20, if it fails, is found in Change 1. 


Page 6-11, Table 6-2: 
b> MP34. Change the part number and description for MP34 to the following: 
3050-1167 CD2 ID .200 OD .370 THICKNESS .009 SS FH .047. 
Add the following below MP34: 
MP35 00432-90010 CD9 LABEL-INFORMATION 28480 (Used with Option 001 only). 
MP36 00432-90011 CDO LABEL-INFORMATION 28480 (Used with Option 002 only). 
MP37 00432-90023 CD4 LABEL-INFORMATION 28480 (Used with Option 003 only). 


b> W4. For the following lengths of W4 change the part numbers to those shown and delete any reference to 
Options “009 to 013” under description. 


Part Number 


1.5 metre 11730A 
3.1 metre 11730B 
6.1 metre 11730C 
15.2 metre 11730D 
30.5 metre 11730E 
61.0 metre 11730F 


Page 8-10, Figure 8-8: 
On the A5 assembly (left side of photo) add the designator R6 to the resistor package above P2. 


Service Sheet 5 (schematic): 
On U2 pin 6 change R8 to R9. 
On U2 pin 3 change R9 to R8. 


PB CHANGE 1 


Page 1-3, paragraph 1-6 (Option 003): 
Change the description for Option 003 to the following: 
A rear panel input connector is connected in parallel with the front panel input connector. A rear panel POWER 
REF OUTPUT connector replaces the standard front panel connector. 


Page 3-5, Figure 3-2: 
Power Sensor Input. The description of the Power Sensor Input should read as follows: 
Option 002 and 003 have a rear panel input connector wired in parallel with the front panel input connector. 


Page 6-5, Table 6-2: 
A4CR1, 2. Change the part number and description for A4CR1, 2 to the following: 
1901-0996 CD6 DIODE-SCHOTTKY SMALL SIGNAL. 
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CHANGE 1 (cont'd) 


Page 6-6, Table 6-2: 
A4R20. Change the part number and description for A4R20 to the following: 
0811-2284 CD7 RESISTOR 1K .1% .05W PWW TC =0 + 10. 


Page 6-11, Table 6-2: 
W1. Under the description for W1 delete the following: 
Omitted on Opt. 003. 


Service Sheet 2 (schematic): 


To the left of J1 (left side of schematic) delete the part of the note that states the following: 
(Omit J1 and W1 on Option 003 only). 
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4358 
POWER METER 


(Including Options 001, 002, 003, 
009, 010, 011, 012, and 013) 


SERIAL NUMBERS 


This manual applies directly to instruments with 
serial numbers prefixed 2238A. 


With changes described in Section VII, this man- 
ual also applies to instruments with serial num- 
bers prefixed 2005A and 2041U. 


For additional important information about serial 
numbers, see INSTRUMENTS COVERED BY 
MANUAL in Section I. 
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Safety Considerations 


SAFETY CONSIDERATIONS 


GENERAL 


This product and related documentation must be 
reviewed for familiarization with safety markings 
and instructions before operation. 


This product is a Safety Class I instrument (pro- 
vided with a protective earth terminal). 


BEFORE APPLYING POWER 


Verify that the product is set to match the avail- 
able line voltage and the correct fuse is installed. 


SAFETY EARTH GROUND 


An uninterruptible safety earth ground must be 
provided from the main power source to the pro- 
duct input wiring terminals, power cord, or sup- 
plied power cord set. 


WARNINGS 


Any interruption of the protective (grounding) 
conductor (inside or outside the instrument) or 
disconnecting the protective earth terminal will 
cause a potential shock hazard that could result in 
personal injury. (Grounding one conductor of a 
two conductor outlet is not sufficient protection). 
In addition, verify that a common ground exists 
between the unit under test and this instrument 
prior to energizing either unit. 


Whenever it is likely that the protection has been 
impaired, the instrument must be made inoperative 
and be secured against any unintended operation. 


If this instrument is to be energized via an auto- 
transformer (for voltage reduction) make sure the 
common terminal is connected to neutral (that is, 
the grounded side of the mains supply). 


Servicing instructions are for use by service- 
trained personnel only. To avoid dangerous elec- 
tric shock, do not perform any servicing unless 
qualified to do so. 


Adjustments described in the manual are per- 
formed with power supplied to the instrument 


while protective covers are removed. Energy avail- 
able at many points may, if contacted, result in 
personal injury. 


Capacitors inside the instrument may still be 
charged even if the instrument has been discon- 
nected from its source of supply. 


For continued protection against fire hazard, re- 
place the line fuse(s) only with 250V fuse(s) of the 
same current rating and type (for example, normal 
blow, time delay, etc.). Do not use repaired fuses or 
short circuited fuseholders. 


SAFETY SYMBOLS 


Instruction manual symbol: the product 
will be marked with this symbol when it is 
necessary for the user to refer to the in- 
struction manual (see Table of Contents for 
page references). 


Indicates hazardous voltages. 


iE WN 


Indicates earth (ground) terminal. 


The WARNING sign denotes a 
hazard. It calls attention to a 
procedure, practice, or the like, 
which, if not correctly performed 
or adhered to, could result in per- 
sonal injury. Do not proceed be- 
yond a WARNING sign until the 
indicated conditions are fully 
understood and met. 


The CAUTION sign denotes a 
hazard. It calls attention to an 
operating procedure, practice, or 
the like, which, if not correctly 
performed or adhered to, could 
result in damage to or destruc- 
tion of part or all of the product. 
Do not proceed beyond a CAU- 
TION sign until the indicated 
conditions are fully understood 
and met. 


CAUTION 
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Figure 1-1. HP Model 435B and Accessories Supplied 
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SECTION | 
GENERAL INFORMATION 


1-1. INTRODUCTION 


This manual provides information pertaining to 
the installation, operation, testing, adjustment 
and maintenance of the HP Model 435B Power 
Meter. 


Figure 1-1 shows the Power Meter with accessories 
supplied. 


An operating manual is shipped with the instru- 
ment. This is simply a copy of the first three sec- 
tions of this manual. The operating manual should 
be kept with the instrument for use by the opera- 
tor. Additional copies of the operating manual 
may be ordered separately through your nearest 
Hewlett-Packard office. The part number is listed 
on the title page of this manual. 


On the title page of this manual, below the manual 
part number, is a “Microfiche” part number. This 
number may be used to order 100 x 150 mm (4x6- 
inch) microfilm transparencies of the manaul. The 
microfiche package also includes the latest Man- 
ual Changes supplement as well as all pertinent 
Service Notes. 


Instrument specifications are listed in Table 1-1. 
These specifications are the performance stand- 
ards or limits against which the instrument may 
be tested. 


1-2. INSTRUMENTS COVERED BY MANUAL 


Options 001, 002, 003, 009, 010, 011, 012 and 013 of 
the Power Meter are documented in this manual. 
The differences are noted in the appropriate loca- 
tion such as OPTIONS in Section I, the Replacea- 
ble Parts List, and the schematic diagrams. 


This instrument has atwo-part serial number. The 
first four digits and the letter comprise the serial 
number prefix. The last five digits form the se- 
quential suffix that is unique to each instrument. 
The contents of this manual apply directly to in- 
struments having the same serial number pre- 
fix(es) as listed under SERIAL NUMBERS on the 
title page. 


An instrument manufactured after the printing of 
this manual may have aserial number prefix that 
is not listed on the title page. This unlisted serial 
prefix indicates that the instrument is different 
from those documented in this manual. The man- 
ual for this newer instrument is supplied with a 
yellow Manual Changes supplement that con- 
tains “change information” explaining how to 
adapt the manual to the newer instrument. 


In addition to change information, the supple- 
ment may contain information for correcting er- 
rors in the manual. To keep this manual as current 
and accurate as possible, Hewlett-Packard recom- 
mends that you periodically request the latest 
Manual Changes supplement. The supplement for 
this manual is keyed to the manual’s print date 
and part number, both of which appear on the title 
page. Complimentary copies of the supplement 
are available from Hewlett-Packard. 


For information concerning a serial number prefix 
not listed on the title page or in the Manual 
Changes supplement, contact your nearest 
Hewlett-Packard office. 


1-3. DESCRIPTION 


The Power Meter and a compatible power sensor 
are interconnected with the power sensor cable to 
form a power measurement system. The system 
power level range, frequency response, and load 
impedance are dependent on the power sensor. 


Accuracy of the power measurement system is 
ensured by the following Power Meter character- 
istics: 


a. Aninternal automatic zeroing circuit which 
removes error due to the ambient temperature out- 
put of the power sensor’s power sensing device. 


b. A calibration factor adjustment which ac- 
counts for error due to the frequency response of 


the power sensing device. 


c. An internal calibration reference which has 
an output of 1 mW + 0.7% (509). 
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Table 1-1. Specifications 


SPECIFICATIONS 


Frequency Range: 
100 kHz to 26.5 GHz (depending on power sensor 
used). 


Power Range: 
(Meter calibrated in watts and dBm.) 
With 8481B or 8482B sensors: 44 dB with 9 full scale 
ranges of 5, 10, 15, 20, 25, 30, 35, 40 and 45 dBm 
(1 mW to 25W). 


With 8481H or 8482H sensors: 45 dB with 9 full scale 
ranges of —5, 0, 5, 10, 15, 20, 25, 30 and 35 dBm 
(30 nW to 3W). 

With 8481A, 8482A, 8483A or 8485A sensors: 50 dB with 
10 full scale ranges of —25, —20, -15, -10, -—5, 0, 5, 
10, 15 and 20 dBm (3 upW to 100 mW). 

With 8484A sensor: 50 dB with 10 full scale ranges of 
—65, -60, -55, -50, —45, -40, -35, -30, -25 and 
-20 dBm (300 pW to 10 uW). 


Accuracy: 

Instrumentation:' +1% of full scale on all ranges. 

Zero: Automatic, operated by front-panel switch. 

Zero Set: +0.5% of full scale on most sensitive 
range, typical. 

Zero Carryover: +0.5% of full scale when zeroed on 
the most sensitive range. 

Noise (typical, at constant temperature, peak 
change over any one-minute interval): 20 pW 
(8484A); 40 nW (8481A, 8482A, 8483A, 8485A); 
4 uW (8481H, 8482H); 40 pW (8481B, 8482B). 

Drift (1 hour, typical), at constant temperature 
after 24-hour warm-up); 40 pW (8484A); 15 nW 
(8481A, 8482A, 8483A, 8485A); 1.5 wW (8481H, 
8482H); 15 pW (8481B, 8482B). 

Power Reference: Internal 50 MHz oscillator with 
Type N Female connector on front panel (or 
rear panel, Option 003 only). 


Power output: 1.00 mW. 
Factory set to +0.7% traceable to the National 
Bureau of Standards. 
Accuracy: +1.2% worst case (+0.9% rss) for 
one year (0 to 55°C). 


Response Time: 
(0 to 99% of reading, five time constants.) 


Range 1 (most sensitive) <10.0 seconds. 
Range 2 <3.8 seconds. 
Range 3 <1.3 seconds. 
Ranges 4—10 <500 milliseconds. 
Typical, measured at recorder output.) 


Cal Factor: 
16-position switch normalizes meter reading to 
account for calibration factor or effective effi- 
ciency. 
Range 85% to 100% in 1% steps. 


Cal Adjustment: 
Front panel adjustment provides capability to 
adjust gain of meter to match power sensor in 
use. 


Recorder Output: 
Proportional to indicated power with 1 volt cor- 
responding to full scale; 1 kN output impedance; 
BNC connector. 


RF Blanking Output: 
Provides a contact closure to ground when auto- 
zero mode is engaged. 


Power Consumption: 
100, 120, 220, or 240V +5%, -10%. 
100 and 120 volts, 48 to 66 Hz and 360—440 Hz. 
220 and 240 volts, 48 to 66 Hz. 
20 V-‘A maximum. 


Weight: 
Net, 2.7 kg (5.9 lbs). 


Dimensions: 
155 mm high (6-3/32 inches). 
130 mm wide (5-1/8 inches). 
279 mm deep (11 inches). 


\Includes sensor non-linearity. Add +2,-4% on top two ranges when using the 8481A, 8482A, 8483A and 8485A power sensors; add +4.0% on the 
top two ranges when using the 8481B and 8482B power sensors; add +5.0% on the top two ranges when using the 8481H and 8482H power sensors. 
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1-4. OPTIONS 


1-5. Battery 


The Model 435B, Option 001 Power Meter is sup- 
plied with a rechargeable battery that provides up 
to 16 hours continuous operation from a full 
charge. 


If the Power Meter was purchased without the 
battery option, it may be ordered in kit form under 
HP part number 00435-60012. The kit includes the 
battery, the battery clamp, a 6-32 x 1/2-inch pan 
head machine screw and installation instructions. 


1-6. Input-Output Options 
Option 002. A rear panel input connector is 


connected in parallel with the front panel input 
connector. 


Option 003. A rear panel input connector replaces 
the standard front panel input connector; a rear 
panel POWER REF OUTPUT connector replaces 
the standard front panel connector. 


1-7. Cable Options 


A 1.5 metre (5-foot) power sensor cable is nor- 
mally supplied. The 1.5 metre cableis omitted with 
any cable option. The option and cable length are 
shown in the table. 


Pontes =| Cable Length in Metres (Ft.) 


3.1 (10) 
6.1 (20) 
15.2 (50) 
30.5 (100) 
61.0 (200) 


1-8. ACCESSORIES SUPPLIED 


The accessories supplied with the Power Meter are 
shown in Figure 1-1. 


a. The 1.5 metre (5-foot) power sensor cable, 
HP part number 8120-2263, is used to couple the 


General Information 


power sensor to the Power Meter. The 1.5 metre 
cable is omitted with any cable option. 


b. The line power cable may be supplied in sev- 
eral configurations. Refer to the paragraph en- 
titled Power Cables in Section II. 


1-9. EQUIPMENT REQUIRED BUT NOT 
SUPPLIED. 


To form a complete RF power measurement sys- 
tem, a power sensor, such as the HP Model 8481A, 
must be connected to the Power Meter via the 
power sensor cable. 


1-10. EQUIPMENT AVAILABLE 


The HP Model 11683A Range Calibrator is recom- 
mended for performance testing, adjusting and 
troubleshooting the Power Meter. The Power 
Meter’s range-to-range accuracy and auto-zero 
operation can easily be verified with the calibra- 
tor. It also has the capability of supplying a full- 
scale test signal for each range. 


An extender board (HP part number 5060-0630) 
may be used to place the A4 assembly printed 
circuit board in a position that allows easy access 
to test points and components. 


1-11. RECOMMENDED TEST EQUIPMENT 


The test equipment shown in Table 1-2 is recom- 
mended for use during performance testing, adjust- 
ments and troubleshooting. To ensure optimum 
performance of the Power Meter, the specifica- 
tions of a substitute instrument must equal or 
exceed the critical specifications shown in the 
table. 


1-12. SAFETY CONSIDERATIONS 


The Power Meter is a Safety Class I instrument 
(provided with a protective earth terminal). This 
instrument has been designed according to inter- 
national safety standards and has been supplied 
in safe condition. 
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Table 1-2. Recommended Test Equipment 


Suggested 
Model 


Digital Voltmeter Function: DC, Resistance HP 3455A 
Ranges: 
Resistance: 200 9 
Vdc: 100 mV, 1000 mV, 10V, 100V 
10 MQ input impedance 
5 1/2 digit resolution 
_ Accuracy: +0.05% of reading 
+0.028% of range 


Frequency Frequency Range: 200 Hz — 50 MHz HP 5314A | -A 
Counter Sensitivity: 100 mVrms 
Accuracy: 0.01% 


Instrument Type Critical Specifications 


Oscilloscope Bandwidth: dc to 50 MHz HP 1740A P, A, T 
Vertical sensitivity: 0.2 V/division 
Horizontal sensitivity: 1 ms/division 
Power Meter Range: capability to measure 1 mW HP 432A 
Transfer Accuracy (input to output): +0.2% 
Range: capability to measure 1 mW 


Thermistor SWR: 1.05 at 50 MHz HP 478A-H75 
Mount Accuracy:** +0.5% at 50 MHz 


* P = Performance Tests; A = Adjustments; T = Troubleshooting. 
** Traceable to NBS. 
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SECTION Il 
INSTALLATION 


2-1. INTRODUCTION 


This section includes information on the initial 
inspection, preparation for use, and storage and 
shipment instructions for the Power Meter. 


2-2. INITIAL INSPECTION 


WARNING 


To avoid hazardous electrical shock, do 
not perform electrical tests when there 
are signs of shipping damage to any por- 
tion of the outer enclosure (covers and 
panels). 


Inspect the shipping container for damage. If the 
shipping container or cushioning material is dam- 
aged, it should be kept until the contents of the 
shipment have been checked for completeness and 
the instrument has been checked mechanically 
and electrically. The contents of the shipment 
should be as shown in Figure 1-1. Procedures for 
checking electrical performance are given in Sec- 
tion IV. If the contents are incomplete, if there is 
mechanical damage or defect, or if the instrument 
does not pass the electrical performance tests, no- 
tify the nearest Hewlett-Packard office. If the 
shipping container is damaged, or the cushioning 
material shows signs of stress, notify the carrier 
as well as the Hewlett-Packard office. Keep the 
shipping materials for the carrier’s inspection. 


2-3. PREPARATION FOR USE 
2-4. Meter Zeroing 


With the LINE switch set to OFF, the meter point- 
er should be positioned directly over zero. If neces- 
sary, insert a screwdriver into the mechanical 
Meter Zero control (beneath the meter) and align 
the pointer with zero. Back the adjustment off 
slightly. The backlash in the control ensures 
against a meter indication error caused by jarring 
the instrument. 


2-5. Range Switch Scale Selection 
The RANGE switch has three scales on 2 remov- 
able rings which correspond to the measurement 


capabilities of compatible power sensors. The 
range scales are 3W to 0.3 mW (+35 to -5 dBm), 


100 mW to3 pW (+20 to—25 dBm) and 10 pWto0.3nW 
(-20 to -65 dBm). Each scale listed indicates the 
maximum and minimum full scale meter readings. 


To select the correct RANGE switch knob assem- 
bly scale (see Figure 2-1): 


a. Unscrew the outer (black) knob by turning it 
counterclockwise. Then, remove the outer knob. 


b. Remove the two scale rings. 
c. Determine which of the 3 scales is to be used. 


d. Place the other scale ring on the knob 
assembly. 


e. Place the selected ring on the knob assembly 
with the selected scale out. 


f. Line up the tabs of the scale rings with the 
slot in the knob assembly. 


g. Hold the scale rings in place with your 
fingers. Thread the outer knob onto the knob 
assembly. Lightly tighten the knob. 


SCALE BASE 


Figure 2-1. Changing Range Switch Scale 
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2-6. Power Requirements 


The Power Meter requires a power source with an 
output of 100, 120, 220, or 240 Vac +5%, -10% sin- 
gle phase, 100 and 120 volts, 48 to 66 Hz and 360 
to 440 Hz, 220 and 240 volts, 48 to 66 Hz. Power 
consumption is 20 V-A maximum. 


WARNING 


If this instrument is to be energized via 
an external autotransformer, make sure 
the autotransformer common terminal 
is connected to the earth terminal of the 
power source. 


2-7. Line Voltage Selection 


CAUTION 


BEFORE SWITCHING ON THIS IN- 
STRUMENT, make sure the instrument 
is set to the voltage of the power source. 


Figure 2-2 provides instructions for line voltage 
and fuse selection. The line voltage selection card 
and proper fuse are factory installed for 120 Vac 
operation. 


Fuses may be ordered under HP part numbers 
2110-0234, 0.1A (250V slow blow) for 100/120 Vac 
operation and 2110-0040 0.062A (250V slow blow) 
for 220/240 Vac operation. 


2-8. Power Cable 


In accordance with international safety stan- 
dards, this instrument is equipped with a three- 
wire power cable. When connected to an appropri- 
ate ac power receptacle, this cable grounds the 
instrument cabinet. The type of power cable plug 
shipped with each instrument depends on the 
country of destination. Refer to Figure 2-3 for the 
part numbers of the power cable plugs available. 


WARNING 


BEFORE SWITCHING ON THIS IN- 
STRUMENT, the protective earth ter- 
minals of this instrument must be con- 
nected to the protective conductor of the 
(Mains) power cord. The Mains plug 
shall only be inserted in a socket outlet 
provided with a protective earth con- 
tact. The protective action must not be 
negated by the use of an extension cord 
(power cable) without a protective con- 
ductor (grounding). 
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Operating voltage is shown 
in module window. 


SELECTION OF OPERATING VOLTAGE 


. Open cover door, pull the FUSE PULL lever and rotate to 
left. Remove the fuse. 


— 


Nm 


Remove the Line Voltage Selection Card. Position the card 
so the line voltage appears at top-left cover. Push the card 
firmly into the slot. 


ow 


. Rotate the Fuse Pull lever to its normal position. Insert a 
fuse of the correct value in the holder. Close the cover 


door. 


To avoid the possibility of hazardous electri- 
cal shock, do not operate this instrument at 
line voltages greater than 126.5 Vac with line 
frequencies greater than 66 Hz (leakage cur- 
rents at these line settings may exceed 
3.5 mA). 


Figure 2-2. Line Voltage Selection 


2-9. Interconnections 


The Power Meter and a power sensor are integral 
parts of this measurement system. Before mea- 
surements can be performed, the Power Meter and 
sensor must be connected together with the power 
sensor cable. (The cable is supplied with the Power 
Meter.) 


The power sensor cable couples the dc supply and 
sampling gate drive from the Power Meter to the 
power sensor and the 220 Hz ac output signal from 
the power sensor to the Power Meter. 


CAUTION 


The maximum voltage which may be 
safely coupled to the Power Meter input 
from the power sensor is 18 mVrms. 


2-10. Operating Environment 


The operating environment should be within the 
following limitations: 
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220/240V 
OPERATION 


PLUG*: SEV 1011.1959-24507 
TYPE 12 
CABLE*: HP 8120-2104 


PLUG*: NZSS 198/AS C112 
CABLE*: HP 8120-1369 


220/240V 


OPERATION 


PLUG*: CEE7-ViI 
CABLE*: HP 8120-1689 


220/240V 
OPERATION 


PLUG*: CEE22-V1 
CABLE*: HP 8120-1860 
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100/120V 
OPERATION 


220/240V 
OPERATION 


f Za, 


PLUG*: NEMA 6-15P 
CABLE*: HP 8120-0698 


PLUG*: NEMA 5-15P 
CABLE™*: 8120-1378 


220/240V 
OPERATION 


220/240V 
OPERATION 


SS 


Le 


PLUG*: BS 1363A 
CABLE: HP 8120-1351 


Figure 2-3. Power Cable HP Part Numbers Versus Mains Plugs Available 


Operating Environment (cont’d) 


SREUDELALULE Ledeen fl crawt sl ove wi clne s 0 to 55°C 
POLI GIGYI oe hies ons ce <95% relative at 40°C 
AMAA (oak i ea gp eae <4570 metres (15 000 feet) 


2-11. Bench Operation 


The instrument cabinet has plastic feet and a fold- 
away tilt stand for convenience in bench opera- 
tion. (The plastic feet are shaped to ensure self- 
aligning of the instruments when stacked.) The 
tilt stand raises the front of the instrument for 
easier viewing of the control panel. 


2-12. Rack Mounting 


Instruments that are narrower than full rack- 
width may be rack-mounted using Hewlett- 
Packard adapter frames or combining cases. 


Adaptor Frames. Hewlett-Packard accessory 
adaptor frames are an economical means of rack 
mounting instruments that are narrower than full 
rack-width. A set of spacer clamps, supplied with 
each adaptor frame, permits instruments of dif- 
ferent dimensions to be combined and rack mount- 
ed as aunit. Accessory blank panels are available 
for filling unused spaces. 


Combining Cases. Model 1051A and 1052A Com- 
bining Cases are metal enclosures that allow 
combinations of one-third and one-half rack-width 
instruments to be assembled for use on a work- 


bench or for mounting in a rack of standard 19- 
inch spacing. Each case includes a set of parti- 
tions for positioning and retaining instruments 
and arack mounting kit. No tools are required for 
installing the partitions. For bench use the cases 
have the same convenient features as full rack- 
width instruments, (i.e., fold-away tilt stands and 
specially designed feet for easier instrument stack- 
ing). Accessories available for the combining 
cases include blank filler panels and snap-on full 
width control panel covers. 


Z\ 


2-13. Battery Operation 


To operate the Power Meter on battery power, the 
battery must be installed and charged, the line 
power cable must be disconnected, and the LINE 
switch must be ON. 


Battery Installation. 


WARNINGS 


This task should be performed only by 
service trained persons who are aware 
of the potential shock hazard of working 
on an instrument with protective covers 
removed. 


To avoid hazardous electrical shock, the 
line (Mains) power cable should be dis- 
connected before attempting to install 
the battery. 
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Battery Operation (Cont'd) 


WARNINGS (Cont'd) 


Do not short the battery terminals. This 
may result in overheating which can 
cause burns or increase risk of fire. 


Do not incinerate or mutilate the bat- 
tery. It might burst or release toxic 
materials causing personal injury. 


The battery is installed in the Power Meter as 
follows (see Figure 2-4): 
a. Remove the top cover. 


b. Hold the battery above the Power Meter, 
parallel to printed circuit board A4. The battery 
terminal lugs must face the circuit board. 


c. Loosen thelugs. Move the battery down into 
place and guide the lugs into the slots on the cir- 
cuit board. The battery should now rest on the 
aluminum deck. 


Figure 2-4. Battery Installation 
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d. Placethe battery clamp over the battery and 
secure it. The two prongs fit into slots on the rear 
panel and the 6-32 x 1/2-inch pan head machine 
screw holds the forward end of the clamp in place. 


e. Tighten the battery terminal lugs by hand. 


Figure 2-5 shows the Power Meter with battery 
installed. 


Battery Charging. The battery is being charged if 
the battery has been installed, the line power cable 
is connected to the available line power, and the 
LINE switch is ON. In the fully charged condition, 
(24-hour charge time), the battery. will supply 
power for a minimum of 16 hours. 


2-14. STORAGE AND SHIPMENT 
2-15. Environment 


The instrument should be stored in a clean, dry 
environment. The following environmental lim- 
itations apply to both storage and shipment: 


Temperature: Sieatee ota c ee eee —55 to +75°C 
FLUMIC i eanen ages ace <95% relative at 40°C 
Altitudesa..28. 24 <15 300 metres (50 000 feet) 


Figure 2-5. Power Meter with Battery Installed 
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2-16. Packaging 


Tagging for Service. If the instrument is being 
returned to Hewlett-Packard for service, please 
complete one of the blue repair tags located at the 
end of this manual and attach it to the instrument. 


Original Packaging. Containers and materials 
identical to those used in factory packaging are 
available through Hewlett-Packard offices. If the 
instrument is being returned to Hewlett-Packard 
for servicing, attach a tag indicating the type of 
service required, return address, model number 
and full serial number. Also mark the container 
FRAGILE to ensure careful handling. In any cor- 
respondence refer to the instrument by model 
number and full serial number. 


Other Packaging. The following general instruc- 
tions should be used for re-packaging with com- 
mercially available materials: 


Installation 


a. Wrap theinstrument in heavy paper or plas- 
tic. (If shipping to a Hewlett-Packard office or ser- 
vice center, attach a tag indicating the type of 
service required, return address, model number 
and full serial number.) 


b. Use a strong shipping container. A double- 
wall carton made of 2.4 MPa (350 pound) test 
material is adequate. 


c. Use a layer of shock-absorbing material 70 
to 100 mm (8 to 4 inches) thick around all sides of 
the instrument to provide firm cushioning and 
prevent movement inside the container. Protect 
the control panel with cardboard. 


d. Seal the shipping container securely. 


e. Mark the shipping container FRAGILE to 
ensure careful handling. 


f. In any correspondence, refer to the instru- 
ment by model number and full serial number. 
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SECTION III 
OPERATION 


3-1. INTRODUCTION 


This section provides complete operating instruc- 
tions for the Power Meter. The instructions consist 
of: panel features, operator’s checks, operating 
instructions, power measurement accuracy and 
operator’s maintenance. 


3-2. PANEL FEATURES 


Front and rear panel features of the Power Meter 
are described in Figures 3-1 and 3-2. These figures 
contain a detailed description of the controls, indi- 
cators and connectors. 


3-3. OPERATOR’S CHECKS 
NOTE 


If the instrument does not operate prop- 
erly and is being returned to Hewlett- 
Packard for service, please complete one 
of the blue repair tags located at the end 
of this manual and attach it to the 
instrument. 


Upon receipt of the instrument, or to check the 
Power Meter for an indication of normal operation, 
follow the operational procedure shown in Figure 
3-3. These procedures are designed to familiarize 
the operator with the Power Meter and to provide 
an understanding of the operating capabilities. 


3-4. OPERATING INSTRUCTIONS 


General operating instructions are contained in 
Figure 3-4. The instructions will familiarize the 
operator with the basic practices used when oper- 
ating the Power Meter. 


WARNING 


Any interruption of the protective 
(grounding) conductor (inside or outside 
the instrument) or disconnecting the 
protective earth terminal is likely. to 
make this instrument dangerous. Inten- 
tional interruption is prohibited. 


3-5. POWER MEASUREMENT ACCURACY 


A power measurement is never free from error or 
uncertainty. Any RF system has RF losses, mis- 


match losses, mismatch uncertainty, instrumen- 
tation uncertainty and calibration uncertainty. 
Measurement errors as high as 50% are not only 
possible, they are highly likely unless the error 
sources are understood and, as much as possible, 
eliminated. 


3-6. Sources of Error and Measurement 
Uncertainty 


RF Losses. Some of the RF power that enters the 
power sensor is not dissipated in the power sens- 
ing elements. This RF loss is caused by dissipation 
in the walls of waveguide power sensors, in the 
center conductor of coaxial power sensors, in the 
dielectric of capacitors, connections within the 
sensor and radiation losses. 


Mismatch. The result of mismatched impedances 
between the device under test and the power sen- 
sor is that some of the power fed to the sensor is 
reflected before it is dissipated in the load. Mis- 
matches affect the measurement in two ways. 
First, the initial reflection is a simple loss and is 
called mismatch loss. Second, the power reflected 
from the sensor mismatch travels back up the 
transmission line until it reaches the source. 
There, most of it is dissipated in the source impe- 
dance, but some of it is re-reflected by the source 
mismatch. The re-reflected power returns to the 
power sensor and adds to, or subtracts from, the 
incident power. For all practical purposes, the 
effect the re-reflected power has upon the power 
measurement is unpredictable. This effect is called 
mismatch uncertainty. 


Instrumentation Uncertainty. Instrumentation un- 
certainty describes the ability of the metering cir- 
cuits to accurately measure the dc output from the 
power sensor’s power sensing device. In the Power 
Meter, this error is less than +1%.!' It is important 
to realize, however, that a 1% meter does not auto- 
matically give 1% overall measurement accuracy. 


Power Reference Uncertainty. The uncertainty of 
the output level of the power reference oscillator is 
+0.7%. This reference is normally used to calibrate 
the system andis, therefore, a part of the system’s 
total measurement uncertainty. 


1Refer to Instrument accuracy specification in Section I when using the 
top two ranges. 
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Cal Factor Switch Resolution Error. The resolution 
of the CAL FACTOR switch contributes a signifi- 
cant error to the total measurement because the 
switch has 1% steps. The maximum error possible 
in each position is +0.5%. 


3-7. Corrections for Error 


Calibration Factor and Effective Efficiency. The two 
correction factors basic to power meters are cali- 
bration factor and effective efficiency. Effective 
efficiency is the correction factor for RF losses 
within the power sensor. Calibration factor takes 
into account the effective efficiency and mismatch 
losses. 


Calibration factor is expressed as a percentage 
with 100% meaning the power sensor has no 
losses. Normally the calibration factor will be 
100% at 50 MHz, the operating frequency of the 
internal reference oscillator. 


The power sensors used with the Power Meter 
have individually calibrated calibration factor 
curves placed on their covers. To correct for RF 
and mismatch losses, simply find the power sen- 
sor’s calibration factor at the measurement fre- 
quency from the curve or the table that is supplied 
with the power sensor, and set the CAL FACTOR 
switch to this value. 


The CAL FACTOR switch resolution error of 
+0.5% may be reduced by one of the following 
methods: 


1) Set the CAL FACTOR switch to the nearest 
positions above and below the correction factor 
given on the table. Interpolating between the 
power levels measured provides the corrected 
power level. 


2) Leave the CAL FACTOR switch on 100% 
after calibration. Then, make the measurement 
and record the reading. Use the reflection coeffi- 
cient, magnitude and phase angle, if such a table 
is supplied with the power sensor, to calculate the 
corrected power level. 


3-8. Calculating Worst Case Uncertainty 


Worst case uncertainty is the sum of the specified 
uncertainties and mismatch uncertainty. Uncer- 
tainty calculation is outlined in the following two 
subsections and examples are worked out in Fig- 
ures 3-5 and 3-6. For a more complete explanation 
of measurement uncertainty refer to HP applica- 
tion note AN-64-1 “Fundamentals of RF and Mi- 
crowave Power Measurement”. 
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Specified Uncertainties. The specified uncertain- 
ties which account for part of the total power mea- 
surement uncertainty are: 


a. Instrumentation +1%! or +0.05 dB. 
b. Power reference +0.7% or +0.03 dB. 


c. CAL FACTOR switch resolution, 0 to +0.5% 
(depending on Cal Factor). 


d. Zero set, +0.5% of full scale of lowest range 
which is 15 nW. 


e. Zero Carryover, +0.5%. 


f. Noise and Drift, depends on the range and 
type of sensor. 


g. Calibration factor uncertainty, which 
depends on sensor type, is listed in the sensor 
manual. 


Figure 3-5 gives an example of specified uncer- 
tainty calculation. 


Calculating Mismatch Uncertainty. Mismatch un- 
certainty is the result of the source mismatch 
interacting with the power sensor mismatch. The 
magnitude of uncertainty is related to the magni- 
tudes of the source and power sensor reflection 
coefficients, which can be calculated from SWR. 
Figure 3-6 shows how the calculations are made 
and Figure 3-7 illustrates mismatch uncertainty 
and total calculated uncertainty for two cases. In 
the first case, the power sensor’s SWR=1.5, andin 
the second case, the power sensor’s SWR = 1.25. In 
both cases the source has an SWR of 2.0. The 
example shows the effect on power measurement 
accuracy a poorly matched power sensor will have 
as compared to one with low mismatch. 


A faster, easier way to find mismatch uncertainty 
is to use the HP Mismatch Error (uncertainty) 
Limits/Reflectometer Calculator. The calculator 
may be obtained, on request, from your nearest 
Hewlett-Packard office by using HP part number 
5952-0948. 


The method of calculating measurement uncer- 
tainty from the uncertainty in dB is shown by 
Figure 3-8. This method would be used when the 
initial uncertainty calculations were made with 
the Mismatch Error/Reflectometer Calculator. 


Refer to Instrument accuracy specification in Section I when using the 
top two ranges. 
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3-9. OPERATOR’S MAINTENANCE 


The only maintenance responsibilities the opera- 
tor should normally perform are primary power 
fuse replacement, LINE switch lamp replacement 
and rechargeable battery replacement. 


Battery replacement is the only operation that 
requires tools. A Pozidriv screwdriver is needed to 
remove the battery clamp. 


3-10. Fuses 


The primary power fuse is found within the A6 
Power Module Assembly on the Power Meter’s 
rear panel. For instructions on how to change the 
fuse, refer to the paragraph entitled Line Voltage 
Selection in Section II. 


CAUTION 


Make sure that only fuses with the 
required rated current and of the speci- 
fied type (slow blow, time delay, etc.) are 
used for replacement. The use of re- 
paired fuses and the short-circuiting of 
fuse-holders must be avoided. 


3-11. Lamp Replacement 


The lamp is contained in a plastic lens which dou- 
bles for a pushbutton on the LINE switch. When 


Operation 


the Power Meter LINE switch is ON and is being 
operated by the available line power, the lamp 
should be illuminated. If the lamp is defective, 
remove the lens by pulling it straight out. Order 
lamp (3131-0434) CD6 and replace the old 
pushbutton-lamp assembly with the new one. To 
replace the assembly, align the pins with the 
notch in the receptacle and push straight in. 


3-12. Battery Replacement 


If the meter indicates that the battery is dis- 
charged by a full downscale reading, and after 
charging the battery still will only power the 
Power Meter for a short period of time, the battery 
is probably defective. The replacement battery, 
BT1 (HP part number 1420-0096), may be ordered 
through the nearest Hewlett-Packard office. Refer 
to Battery Installation in Section II. 


WARNING 


This task should be performed only by 
service trained persons who are aware 
of the potential shock hazard of working 
onan instrument with protective covers 
removed. 
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FRONT PANEL FEATURES 


435B POWER METER 


pa LINE 
i 
OFF 


| i POWER REF . : 
Worreses) 


QUTPUT 


ge Meter. Normally indicates average RF power in 
dBm or Watts. During battery operation the meter 
continuously indicates battery condition. A nor- 
mal reading indicates the battery is charged; a full 
down-scale reading indicates the battery is dis- 
charged or is defective. 


2) Meter Zero. Mechanical adjustment used to zero the 
meter when the LINE switch is OFF. 


Ge LINE Switch. Connects line or battery power to the 
Power Meter circuits when the LINE switch is ON. 
During battery operation, the lamp contained 
within the LINE switch will not be illuminated 
when the INSTRUMENT is ON. 


4) RANGE Switch. Selects desired power range; keyed 
to meter full-scale deflection; has three removable 
scales which are changed to match the range of 
the power sensor. 


@© POWER REF OUTPUT. RF output of 1.00 mW +0.70% 
into 509 at 50 MHz from an internal reference 
oscillator. Available for system calibration. 


@ CAL ADJ. Screwdriver adjustment for calibrating 
any power sensor and Power Meter as asystem, to 
a known standard. 


a» Input Connector. Input from the power sensor via 
the power sensor cable. 


@ CAL FACTOR Switch. Changes the gain of the Power 
Meter amplifier circuits to compensate for mis- 
match losses and effective efficiency of the power 
sensor. 


3) ZERO Switch. The ZERO switch activates a feed- 
back circuit, which automatically zeros the meter 
pointer, and a rear panel RF blanking signal. 


Figure 3-1. Front Panel Controls, Connectors and Indicators 
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REAR PANEL FEATURES 


[\ WARNING g 
TO PREVENT ELECTRIC 

SHOCK, DO NOT REMOVE 
COVERS. NO USER 
SERVICEABLE PARTS INSIDE 
REFER SERVICING TO 
QUALIFIED PERSONNEL 


RF BLANKING POWER SENSOR 
OUTPUT INPUT 
‘ RL 88 


WARNING FOR CONTINUED 
PROTECTION AGAINST FIRE HAZARD 
REPLACE ONLY WITH 250V FUSE 
OF THE SAME TYPE AND 
CURRENT RATING. 
RECORDER 
Bent ——— AC LINE V +5 10% ——-__ 


x 48-66 Hz an 
POWER REF mee : 
OUTPUT Sees 


@© POWER SENSOR INPUT. Option 002 has arear panel 


input connector wired in parallel with the front 
panel input connector. In Option 003, this connec- 
tor replaces the input front panel connector. 


> Power Module Assembly. 


3) Window. Safety interlock; fuse cannot be removed 
while power cable is connected to Power Meter. 


& FUSE PULL Handle. Mechanical interlock to guar- 
antee fuse has been removed before Line Voltage 
Selection Card can be removed. 


@ Fuse. Refer to Section II for values. 


6) Line Voltage Selection Card. Matches transformer 
primary to available line voltage. 


a Receptacle. For power cable connection to avail- 
able line voltage. 


8) POWER REF OUTPUT. Takes the place of the front 
panel POWER REF OUTPUT connector (Option 
003 only). 


@©} RECORDER OUTPUT. Provides a linear output with 
respect to the input power. +1.00 Vdc corresponds 
to meter full-scale. The minimum load which may 
be coupled to the output is 1 M0. 


@ RF BLANKING OUTPUT. Contact closure to ground 
when ZERO switch is pressed. May be used to 
remove RF input signal during automatic zeroing 
operation. 


@ POWER REF Switch. Opens or closes the circuit 
from the power supply to the power reference oscil- 
lator. Reduces current drain during battery opera- 
tion when OFF. 


Figure 3-2. Rear Panel Controls, Connectors and Indicators 
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OPERATOR’S CHECKS 


BEFORE SWITCHING ON THIS INSTRUMENT, check that the power transformer primary is 
matched to the available line voltage, the correct fuse is installed and the safety precautions are 
taken. See Power Requirements, Line Voltage Selection, Power Cables and associated warnings 


and cautions in section II. 
WARNINGS 


BEFORE CONNECTING LINE POWER TO THIS 
INSTRUMENT, ensure that all devices connected to 
this instrument are connected to the protective (earth) 
ground. 


BEFORE SWITCHING ON THIS INSTRUMENT, en- 
sure that the line power (Mains) plug is connected to a 
three-conductor line power outlet that has a protective 
(earth) ground. (Grounding one conductor of a two- 
conductor outlet is not sufficient.) 


Do not twist the body of the power sensor when connect- 
ing or disconnecting it. This can cause major damage to 
the power sensor. 


Set the meter indication to zero with the mechanical meter zero control. Back the control off 
slightly. 


Connect the power sensor to the Power Meter with the power sensor cable. 


4, Connect the power cable to the power outlet and power module receptacles. Set the LINE switch to 
ON; the lamp within the switch lens should be illuminated. 


Change the Power Meter’s RANGE switch scale so it corresponds to the range of the power 
sensor. Refer to the paragraph entitled Range Switch Scale Selection in Section II. 


Set the Power Meter Controls as follows: 
RANGE switch position........... 
CAL FACTOR switch di ac ewes 100% 
POWER REF switch.............- 


Press the ZERO switch and verify that the meter pointer moves to zero (0) and the RF BLANK- 
ING OUTPUT is shorted to ground. 


Set the RANGE switch to the position indicated in the following table. Then, connect the power 
sensor (and adapter or attenuator as required) to the POWER REF OUTPUT and set the rear 
panel POWER REF switch to (ON). Verify that the meter reads approximately the same as 
indicated in the table. 


Figure 3-3. Operator's Checks (1 of 2) 


Model 435B Operation 


OPERATOR’S CHECKS 


Position Indication 


9. Step the CAL FACTOR switch through its range noting a small increase in meter reading with 
each successive step. Reset the CAL FACTOR switch to 100%. 


10. Set the RANGE switch to the position indicated in the table below. Then, adjust the CAL ADJ 
control for a full-scale meter reading for 500 power sensors and a 96% of full scale meter reading 
for 752 power sensors. 


8484A (HP 11708A Reference Attenuator required) 


11. Check at the rear panel RECORDER OUTPUT jack for an output of ~ 1 Vdc. 


12. To check operation using battery power, disconnect the power cable from the rear panel power 
module receptacle and set the LINE switch to ON (the lamp within the switch lens will not be 
illuminated). When a power measurement is made, a normal upscale reading indicates normal 

operation; a full down-scale reading indicates the battery is discharged. 


Figure 3-3. Operator's Checks (2 of 2) 


Ried 


Operation Model 435B 


OPERATING INSTRUCTIONS 


1. BEFORE SWITCHING ON THIS INSTRUMENT, check that the power transformer primary is 
matched to the available line voltage, the correct fuse is installed and safety precautions are 
taken. See Power Requirement, Line Voltage Selection, Power Cables and associated warnings 


and cautions in Section II. 
WARNINGS 


BEFORE CONNECTING LINE POWER TO THE 
INSTRUMENT, ensure that all devices connected to 
this instrument are connected to the protective (earth) 
ground. 


BEFORE SWITCHING ON THIS INSTRUMENT, en- 
sure that the line power (Mains) plug is connected to a 
three-conductor line power outlet that has a protective 
(earth) ground. (Grounding one conductor of a two- 
conductor outlet is not sufficient.) 


Do not twist the body of the power sensor when connect- 
ing or disconnecting it. This can cause major damage to 
the sensor. 


2. Set the meter indication to zero with the mechanical meter zero control. Back the control off 
slightly. 


3. Connect the power sensor to the Power Meter with the power sensor cable. 


4. Connect the power cable to the power outlet and power module receptacles. Set the LINE switch to 
ON; the lamp within the switch lens should be lit. 


5. Change the Power Meter’s RANGE switch scale so it corresponds to the range of the power 
sensor. Refer to the paragraph entitled Range Switch Scale Selection in Section II. 


6. Set the Power Meter switches as follows: 


RANGE position..........5.-++. fully ccw 
CAL BACTRO Ri oie ns uae snes 100% 
POW BRR E Ba os scot aetemiemes ee OFF 
7. Press the ZERO switch, allow 5 seconds for the zeroing operation to take place, and release the 


switch. 


8. Set the RANGE switch to the position indicated in the following table. Then, connect the power 
sensor (and adapter or attenuator as required) to the POWER REF OUTPUT and set the rear 
panel POWER REF switch to (ON). For 500 power sensors, adjust the CAL ADJ control for a 
full-scale reading; the meter pointer should be aligned with the CAL mark (full-scale reading) on 
the meter face. For 75 power sensors, adjust the CAL ADJ control for a 96% of full scale reading; 
the meter pointer should be aligned with the 0.96 mark on the meter face. 


Figure 3-4. Operating Instructions (1 of 2) 
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OPERATING INSTRUCTIONS 


8484A (HP 11708A Reference Attenuator required) 


9. Disconnect the power sensor from the POWER REF OUTPUT and set the POWER REF switch to 
OFF. 


10. Locate the calibration curve on the power sensor cover. Find the CAL FACTOR for the measure- 
ment frequency; set the CAL FACTOR switch accordingly. 


11. Set the RANGE switch such that full scale is greater than the power level to be measured. 


CAUTION 


See Operating Precautions in the power sensor Operat- 
ing and Service Manuals for maximum power levels 
which may be safely coupled to this system. Levels 
which exceed the limits may damage the power sensor, 
Power Meter, or both. 


12. Connect the power sensor to the RF source. Read the power level in dBm or Watts on the panel 
meter. 


NOTE 


When the battery is being used as the power supply for 
the Power Meter, an automatic test circuit continually 
monitors battery condition. When the battery voltage is 
above a predetermined level, the meter indicates the 
correct power level. When the voltage drops below the 
threshold level, the meter reading is full downscale. 


Figure 3-4. Operating Instructions (2 of 2) 
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SPECIFIED UNCERTAINTY CALCULATION 


Conditions: Range — 1 mW 
Meter Reading — 0.7 mW 
Sensor — 8481A 
Frequency — 1 GHz 
CAL FACTOR — 99.5% 


ee 


Instrumentation Uncertainty = +1.0% = +0.01 mW = +0.06 dB 
Power Reference Uncertainty +0.7% +0.0049 mW +0.03 dB 
CAL FACTOR Switch Resolution Uncertainty +0.5% +0.0035 mW = +0.02dB 
Zero Set Uncertainty +0.002% +0.000015 mW = +0.00009 dB 
Zero Carryover Uncertainty +0.5% +0.005 mW = +0.03 dB 
Noise = +0.006% +0.00004 mW = +0.00025 dB 
Drift = +0.002% +0.000015 mW = +0.00009 dB 
Cal Factor Uncertainty = +2.70% = +0.019 mW =A) 1208 


+0.0425 mW 


BEDE R Rae 


0.0425 


=eichy 
0.7 (100) = +6.07% 


Total Specified Uncertainties = +0.0425 mW = 


= 10 log = +0.26 dB 


0.7425 
0.7 


NOTE: FS = % of full scale 
R =% of reading 


Figure 3-5. Specified Uncertainties 
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CALCULATING MEASUREMENT UNCERTAINTY 


Calculate the reflection coefficient from the given SWR. 


_ SWR—1 


7 ape 


Power Sensor #1 Power Sensor #2 Power Source 
SWR =1.5 SWR = 1.25 SWR = 2.0 


. 25-0 
p, p, = Ps 


0.111 0.333 


Calculate the relative power and percentage power mismatch uncertainties from the reflection 
coefficients. An initial reference level of 1 is assumed. 


Relative Power Uncertainty 


PU = [1+ (pnps)]? 
{1 + [(0.2)(0.333)] } ? {1 + [(0.111)(0.333)] } ? 
{1 + 0.067}? {1+ 0.037}? 
{1.067}? and {0.933}? {1.037}? and {0.963}? 
1.138 and 0.871 1.075 and 0.927 


Percentage Power Uncertainty 
(PU—1) 100% 
(1.138—1) 100% (0.871—1) 100% 
(0.138) 100% (—0.129) 100% 
13.8% a ARS WW 
(1.075—1) 100% (0.927—1) 100% 
(0.075) 100% (—0.073) 100% 
7.5% hove 


Figure 3-6. Calculating Measurement Uncertainties (1 of 2) 
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CALCULATING MEASUREMENT UNCERTAINTY 


Calculate the Measurement Uncertainty in dB. 


P 
MU = 10 om10(5) | dB 
0 


1.138 0.871 
10, ore) and 10 Mesthee 


10 [0.056] 10 [—0.060] 
+0.56 dB —0.60 dB 


10 | tog | 10 | tog ea! 


10 [0.031] 10 [—0.033] 


+0.31 dB —0.33 dB 


Figure 3-6. Calculating Measurement Uncertainties (2 of 2) 
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INDICATED POWER VERSUS RANGE OF ACTUAL POWER 


(Values from examples on Figures 3-5 and 3-6.) 


INDICATED POWER + TOTAL SPECIFIED +WORST CASE UNCERTAINTY 
UNCERTAINTIES (SPECIFIED & MISMATCH) 


0.84 mW (—0.73 dBm) 
EXAMPLE 1: 
SENSOR SWR = 1.5 
MGA SEL LTA ACTUAL POWER 
+19.9% ANYWHERE IN 
SHADED AREA 


0.7 mW (—1.55 dBm) 


0.57 mW (—2.4 dBm) 


EXAMPLE 2: Z 
SENSOR SWR = 1.25 0.8 mW (—0.98 dBm) 


SOURCE SWR = 2.0 ACTUAL POWER 
+13.6% ANYWHERE IN 
SHADED AREA 


0.74 mW (—1.29 dBm) 


(MMM TU 


0.66 mW (—1.81 dBm) 


0.6 mW (—2.1 dBm) 


Figure 3-7. Worst Case Effects of Specified and Mismatch Uncertainties 
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CALCULATING MEASUREMENT UNCERTAINTY 


1. For this example the known values are: source SWR, 2.2 and power sensor SWR, 1.16. From 
the Mismatch Error Calculator the mismatch uncertainty is found to be +0.24, —0.25 dB. 


2. Add the specified uncertainties from Figure 3-5, (+0.26 dB). Our total measurement un- 
certainty is +0.50, —0.51 dB. 


3 Calculate the relative measurement uncertainty from the following formula: 


Py 
10 log{ —4 
Po 


dB 


4. Calculate the percentage Measurement Uncertainty. 


PMU C= M(B a Bay bOo 


= (1.122 —1).100 = (0.889 —1) 100 
+12.2% “late to Bo 


Figure 3-8. Calculating Measurement Uncertainty (Uncertainty in dB Known) 
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SECTION IV 
PERFORMANCE TESTS 


4-1. INTRODUCTION 


The procedures in this section test the electrical 
performance of the Power Meter using the specifi- 
cations of Table 1-1 as performance standards. All 
tests can be performed without access to the inte- 
rior of the instrument. A simpler operational test 
is included in Section III under Operator’s Checks. 


4-2. EQUIPMENT REQUIRED 


Equipment required for the performance tests is 
listed in Table 1-2, Recommended Test Equipment. 
Any equipment that satisfies the critical specifi- 
cations given in the table may be substituted for 
the recommended model(s). 


4-3. TEST RECORD 


Results of the performance tests may be tabulated 
on the Test Record at the end of the test proce- 
dures. The Test Record lists all of the tested speci- 
fications and their acceptable limits. Test results 
recorded at incoming inspection can be used for 
comparison in periodic maintenance, trouble- 
shooting and after repairs or adjustments. 


4-4. PERFORMANCE TESTS 


The performance tests given in this section are 
suitable for incoming inspection, troubleshooting 
or preventive maintenance. During any perfor- 
mance test, all shields and connecting hardware 
must be in place. Perform the tests in the order 
given and record the data on the test card and/or 
in the data spaces provided at the end of each 
procedure. 


NOTE 


The Power Meter must have a half-hour 
warmup and the line voltage must be 
within +5%, -10% of nominal if the per- 
formance tests are to be considered valid. 


Each test is arranged so that the specification is 
written as it appears in Table 1-1. Next, a descrip- 
tion of the test and any special instructions or 
problem areas are included. Each test that re- 
quires test equipment has a setup drawing and a 
list of the required equipment. The initial steps of 
each procedure give control settings required for 
that particular test. 


PERFORMANCE TESTS 
ecg oe ee 


4-5. POWER REFERENCE LEVEL TEST 


SPECIFICATION: Internal 50 MHz oscillator with Type N Female connector on front panel (or rear 
panel, Option003 only). Power output: 1.00 mW. Factory set to +0.7% traceable to the 
National Bureau of Standards. Accuracy: +1.2% worst case (+0.9% rss) for one year 


(0 to 55°C). 


DESCRIPTION: 


The power reference oscillator output is factory adjusted to 1 mW +0.7%. To achieve 


this accuracy, Hewlett-Packard employs a special measurement system accurate to 
0.5% (traceable to the National Bureau of Standards) and allows for a transfer error of 
+0.2% in making the adjustment. If an equivalent measurement system is employed 
for verification, the power reference oscillator output can be verified to 1 mW +1.9% 
(41.2% accuracy + +0.5% verification system error + +0.2% transfer error = 1.9% 
maximum error). The power reference oscillator can be set to +0.7% using the same 
equipment and following the adjustment procedure in Section V. To ensure maximum 
accuracy in verifying the power reference oscillator output, the following procedure 
provides step-by-step instructions for using specified Hewlett-Packard test instru- 
ments of known capability. If equivalent test instruments are used, signal acquisition 
criteria may vary and reference should be made to the manufacturer’s guidelines for 


operating the instruments. 
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PERFORMANCE TESTS 


ee  ————€ 


4-5. POWER REFERENCE LEVEL TEST (Cont'd) 


NOTE 


The Power Meter may be returned to the nearest Hewlett-Packard 
office to have the power reference oscillator checked and/or 
adjusted. Refer to Section II, PACKAGING. 


HP 435B 


R 
EOE POWER METER 


DIGITAL VOLTMETER 


POWER REF INPUT 


THERMISTOR 
OUTPUT MOUNT 


Figure 4-1. Power Reference Level Test Setup 


EQUIPMENT: Power Meter cn). ce eee HP 432A 
‘Phermistorviaunt a. o..cuee e HP 478A-H75 
Digital Voltmeter (DVM) ....... HP 3455A 


PROCEDURE: 1. Set up the DVM to measure resistance. Connect the DVM between the Vprr 
conzaector on the rear panel of the 432A and pin 1 of the thermistor mount end of 
the 432A interconnect cable. 


2. Round off the DVM indication to two decimal places and record this value as the 
internal bridge resistance (R) of the 432A (approximately 200 ohms). 


3. Connect 432A to the Power Meter as shown in Figure 4-1. 


4, Setthe Power Meter LINE switch to ON (in) and the POWER REF switch to OFF. 
Then, wait thirty minutes for the 432A thermistor mount to stabilize before 
proceeding to the next step. 


5. Set the 432A RANGE switch to COARSE ZERO and adjust the front-panel 
COARSE ZERO control to obtain a zero meter indication. 


6. Fine zero the 432A on the most sensitive range, then set the 432A RANGE switch 
to 1 mW. 


NOTE 
Check that DVM input leads are isolated from chassis ground 
when performing the next step. 


7. Set up the DVM to measure microvolts and connect the positive and negative 
input leads, respectively, to the Vcomp and Ver connectors on the rear panel of the 
432A. 
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PERFORMANCE TESTS 


4-5. POWER REFERENCE LEVEL TEST (Cont'd) 


10. 


ja 


12. 


13. 


0.981 mW = 1.019 mW 


Observe the indication on the DVM. If less than 400 microvolts, proceed to the 
next step. If 400 microvolts or greater, press and hold the 432A FINE ZERO 
switch and adjust the COARSE ZERO control so that the DVM indicates 200 
microvolts or less. Then, release the FINE ZERO switch and proceed to the next 
step. 

Round offthe DVM indication to the nearest microvolt and record this value as Vo. 


Set the Power Meter POWER REF switch to ON (in) and record the indications 
observed on the DVM as Vj. 


Disconnect the DVM negative input lead from the VpFconnector on the 432A and 
reconnect it to 432A chassis ground. Record the new indication observed on the 


DVM as Vcomp: 


Calculate the power reference oscillator output level (Par) from the following 
formula: 


pee 2Vcomp (V1 - Vo) + Vo2-V1? 
RF 4R (CALIBRATION FACTOR) 


Where: 

Per = power reference oscillator output level 
Vcomp = previously recorded value 

V1 = previously recorded value 

Vo = previously recorded value 


R = previously recorded value 


CALIBRATION FACTOR = value for thermistor mount at 50 MHz (traceable to 
the National Bureau of Standards) 


Verify that the Per is within the following limits: 
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PERFORMANCE TESTS 


4-6. ZERO CARRYOVER TEST 
SPECIFICATION: +0.5% of full scale when zeroed in the most sensitive range. 


DESCRIPTION: After the Power Meter is initially zeroed, the change in the meter reading is monitored 
at the RECORDER OUTPUT as the instrument is stepped through its ranges. The 
meter readings take into account noise and drift because zero carryover and the noise 
drift readings cannot be separated. Refer to Table 5-1 if the results are not within the 
limits. 


HP435B 
POWER METER 


DIGITAL VOLTMETER 


RECORDER OUTPUT 


POWER SENSOR (REAR PANEL) 


INPUT 


Figure 4-2. Zero Carryover Test Setup 


EQUIPMENT: Digital-V oltmetet =. i oten ce ee HP 3455A 
Power Sensor: i429 4ee oc eee HP 8481A/H or 8482A/H 


PROCEDURE 1. Set the DVM RANGE control to 100 mVdc. 


2. Set the Power Meter Switches as follows: 


CAL FACTOR: #4tuecs.cear 100% 
RANGE position ........... fully ccw 
POWER REF (rear panel) ... OFF 


3. Connect the equipment shown in Figure 4-2. 


4. Press the front panel ZERO switch and wait for the meter indicator’s position to 
stabilize. Verify that the DVM reads 0 +0.9 mVdc. Release the ZERO switch. 


5. Verify that the RECORDER OUTPUT falls within the limits shown on the table 
for each range. Record the readings. 


RANGE 
Switch Switch 
Position Position 


fully ccw 5 steps cw 
1 step cw 6 steps cw 
2 steps cw 7 steps cw 
3 steps cw 8 steps cw 
4 steps cw fully cw 
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PERFORMANCE TESTS 


4-7. INSTRUMENTATION ACCURACY TEST WITH CALIBRATOR 
SPECIFICATION: +1% of full scale on all ranges. 
DESCRIPTION: Instrumentation accuracy is verified by coupling a full-scale reference input from the 


HP 11683A Calibrator to the Power Meter on each range. Verify that the RECORDER 
OUTPUT level is within +1% plus noise and drift. 


HP 435B 
POWER METER 


RANGE DIGITAL VOLTMETER 
CALIBRATOR RECORDER OUTPUT 
(REAR PANEL) 
POWER INPUT 
METER 
Figure 4-3. Instrumentation Accuracy Test Setup with Calibrator 
EQUIPMENT: Digital,V oltmeterom, 3/20. 0.22 HP 3455A 
Range Calibrator *...'. 4. 0. HP 11683A 


PROCEDURE: 1. Set the 11683A RANGE switch to 1 mW, the FUNCTION switch to CALIBRATE 
and the POLARITY switch to NORMAL. 


2. Set the Power Meter RANGE switch 5 steps from the fully ccw position. 
3. Set the DVM RANGE switch to 1000 mVdc. 
4. Connect the equipment as shown in Figure 4-3. 


5. Adjust the front panel CAL ADJ control to provide a reading of 1000 +2 mVdc. 


CAUTION 


To avoid damage to the meter, set the Calibrator’s FUNCTION 
control to STANDBY while changing the RANGE control set- 
tings on the Power Meter and Calibrator. 
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PERFORMANCE TESTS 


4-7. INSTRUMENTATION ACCURACY TEST WITH CALIBRATOR (Cont'd) 


6. Set the Power Meter RANGE switch to each possible position in turn. Set the 
11683A RANGE switch to the same position and verify that the DVM reading, 
which includes noise and drift, is within the limits shown in the table below. 


RANGE 
Switch Switch 
Position Position 


fully ccw 5 steps cw 
1 step cw 6 steps cw 
2 steps cw 7 steps cw 
3 steps cw 8 steps cw 
4 steps cw fully cw 
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PERFORMANCE TESTS 


4-8. CALIBRATION FACTOR TEST 


SPECIFICATION: 16-position switch normalizes meter reading to account for calibration factor or 


DESCRIPTION: 


EQUIPMENT: 


PROCEDURE: 


CAL FACTOR 
Switch 
Position 


effective efficiency. Range 85% to 100% in 1% steps. 


After the Power Meter is zeroed on the most sensitive range, a 1 mW input level is 
applied to the Power Meter and the CAL ADJ control is set to obtain a 1.000 mW 
indication. Then the CAL FACTOR switch is stepped through its 16 positions and the 
meter is monitored to ensure that the proper indication is obtained for each position. 


HP 435B 
POWER METER 


RANGE DIGITAL VOLTMETER 
CALIBRATOR RECORDER OUTPUT 
(REAR PANEL) 
POWER INPUT 
METER 
Figure 4-4. Calibration Factor Test Setup 

Digital, Voltmetery .¢s:.shese. sss HP 3455A 
Range Galibratorant) e652 4... HP 11683A 


1. Set the 11683A RANGE switch to 1 mW, the FUNCTION switch to CALIBRATE 
and the POLARITY switch to NORMAL. 


Set the Power Meter RANGE switch 5 steps from the fully ccw position. 
Set the DVM RANGE switch to Vdc. 


Connect the equipment as shown in Figure 4-4. 


ag ee 


Set the front panel CAL ADJ control to provide a reading of 1000 +2 mVdc on the 
DVM. 


6. Set the CAL FACTOR switch to each position and verify that the indications 
observed at each position are within the limits specified in the following table. 


CAL FACTOR 
Switch 
Position 
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Table 4-1. Performance Test Record 


Hewlett-Packard Company 
Model 435B Tested By 
Power Meter 


SerialNumber ee Date 


Test Description 


Power Reference Accuracy 
1 mW 


Zero Carryover 

fully ccw 
1 step cw 
2 steps cw 
3 steps cw 
4 steps cw 
5 steps cw 
6 steps cw 
7 steps cw 
8 steps cw 
fully cw 


Instrumentation Accuracy 
fully cew 
1 step cw 
2 steps cw 
3 steps cw 
4 steps cw 
5 steps cw 
6 steps cw 
7 steps cw 
8 steps cw 
fully cw 


Calibration Factor 
100 
99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
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SECTION V 
ADJUSTMENTS 


5-1. INTRODUCTION 


This section describes the adjustments which will 
return the Power Meter to peak operating condi- 
tion after repairs are completed. 


If the adjustments are to be considered valid, the 
Power Meter must have a half hour warmup and 
the line voltage must be within +5 to -10% of 
nominal. 


The adjustment procedure entitled ‘‘Power 
Meter Adjustments with 500 Power Sensor’’ is to 
be performed only when the HP Model 11683A 
Range Calibrator is not available. 


5-2. SAFETY CONSIDERATIONS 


Although this instrument has been designed in 
accordance with international safety standards, 
this manual contains information, cautions and 
warnings which must be followed to avoid per- 
sonal injury and damage to the instrument (see 
Sections II and III). Service and adjustments 
should be performed only by qualified service per- 


sonnel. 
WARNINGS 


Any interruption of the protective 
(grounding) conductor (inside or outside 
the instrument) or disconnection of the 
protective earth terminal is likely to 
make the instrument dangerous. Inten- 
tional interruption is prohibited. 


Any adjustment, maintenance and re- 
pair of the opened instrument under 
voltage should be avoided as much as 
possible and, when inevitable, should be 
carried out only by a skilled person who 
is aware of the hazard involved. 


Capacitors inside the instrument may 
still be charged even if the instrument 
has been disconnected from its source of 
supply. 


Make sure that only fuses with the 
required rated current and of the speci- 
fied type (slow blow, time delay, etc.) are 
used for replacement. The use of repaired 


fuses and the short-circuiting of fuse- 
holders msi be avoided. 


Whenever it is likely that the protection 
offered by fuses has been impaired, the 
instrument must be made inoperative 
and be secured against any unintended 
operation. 


Adjustments described herein are per- 
formed with power supplied to the in- 
strument while protective covers are 
removed. Energy available at many 
points may, if contacted, result in per- 
sonal injury. 


5-3. EQUIPMENT REQUIRED 


The test equipment required for the adjustment 
procedures is listed in Table 1-2, Recommended 
Test Equipment. The critical specifications of 
substitute test instruments must meet or exceed 
the standards listed in the table if the Power Meter 
is to meet the standards set forth in Table 1-1, 
Specifications. 


5-4. FACTORY SELECTED COMPONENTS 


Factory selected components are indicated on the 
schematic and replaceable parts list with an aster- 
isk (*) immediately following the reference desig- 
nator. The nominal value of the component is 
listed. Table 5-1 lists the parts by reference desig- 
nator and provides an explanation of how the 
component is selected, the normal value range 
and a reference to the appropriate service sheet. 
The Manual Changes supplement will update any 
changes to factory selected component 
information. 


5-5. ADJUSTMENT LOCATIONS 


All the adjustments for the Power Meter are con- 
tained on the A4 assembly except the front panel 
CAL ADJ control and POWER REF OUTPUT 
level control. The last foldout in this manual con- 
tains a table which cross-references all pictorial 
and schematic locations of the adjustment con- 
trols. The accompanying figure shows the loca- 
tions of the adjustable controls, assemblies and 
chassis-mounted parts. 
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Table 5-1. Factory Selected Components 


Basis of Selection 


Reference 
Designator 
A38R5 


A4R12, R16 


A4R66 
A4VR1, VR2 


Range of 
Values 


7.1 to 7.5 kO 


A3R5 is selected for a power reference output of 1 mW 
(into 500) if this value is outside the adjustment range 
of LEVEL ADJ A8R4. 


Service 
Sheet 
0.0082 to He 
0.01 uF . 


3.16 to 2 
4.64 kO, 


150 to 250 ko. 2 
2.37 to 2.61V 


See Multivibrator Adjustment (paragraph 5-7). 


A4R12 and R16 are selected for correct zero carryover 
between ranges. See Zero Carryover Test (paragraph 
4-6) for the limits for each range. 


A4R66 is selected for a full-scale reading (100 mW) 
with an accurate 10 mW input after completing Power 
Meter Adjustments with Calibrator (see paragraph 5- 
9). Hewlett-Packard recommends using a Model 
11683A Calibrator to achieve the needed accuracy for 
selecting this resistor. The DVM reading at the Power 
Meter’s RECORDER OUTPUT will be 1000 +3 mVdc 
with the correct resistor in place. 


A4VRI1 and VR2 are selected to achieve accuracy on 
the top two ranges when the accuracy on other ranges 
is within specifications. See Instrumentation 
Accuracy Test with Calibrator (paragraph 4-7) for the 
limits for each range. 
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5-6. POWER REFERENCE OSCILLATOR LEVEL ADJUSTMENT 
REFERENCE: Service Sheet 5. 


DESCRIPTION: The power reference oscillator output is factory-adjusted to 1 mW +0.7% using a 
special measurement system accurate to 0.5% (traceable to the National Bureau of 
Standards) and allowing for a 0.2% transfer error. To ensure maximum accuracy in 
readjusting the power reference oscillator, the following procedure provides step-by- 
step instructions for using specified Hewlett-Packard instruments of known capabil- 
ity. If equivalent instruments are used, signal acquisition criteria may vary and 
reference should be made to the manufacturer’s guidelines for operating the 
equipment. 


NOTE 


The Power Meter may be returned to the nearest HP office to have 
the power reference oscillator checked and/or adjusted. Refer to 
Section II, PACKAGING. 


HP 435B 
POWER METER POWER METER 


DIGITAL VOLTMETER 


POWER REF INPUT 


eR eer THERMISTOR 


Figure 5-1. Power Reference Oscillator Level Adjustment Setup 


EQUIPMENT: Power Meterir ce fas os oes eee hee HP 432A 
Thermistor Mount .............. HP 478A-H75 
Digital Voltmeter (DVM) ....... HP 3455A 


PROCEDURE: 1. Set up the DVM to measure resistance and connect the DVM between the Vrr 
connector on the rear panel of the 432A and pin 1 on the thermistor mount end of 
the 432A interconnect cable. 


2. Round off the DVM indication to two decimal places and record this value as the 
internal bridge resistance (R) of the 432A (approximately 200 ohms). 


3. Connect the 432A to the Power Meter as shown in Figure 5-1. 


4. Setthe Power Meter LINE switch to ON (in) andthe POWER REF switch to OFF. 
Then, wait thirty minutes for the 432A thermistor mount to stabilize before pro- 
ceeding to the next step. 


5. Set the 432A RANGE switch to COARSE ZERO and adjust the front-panel 
COARSE ZERO control to obtain a zero meter indication. 


a 
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5-6. POWER REFERENCE OSCILLATOR LEVEL ADJUSTMENT (Cont'd) 


6. Fine zero the 432A on the most sensitive range, then set the 432A RANGE switch 
to 1 mW. 


NOTE 


Ensure that the DVM input leads are isolated from chassis 
ground when performing the next step. 


7. Set up the DVM to measure microvolts and connect the positive and negative 
input leads, respectively, to the Vcomp and Ver connectors on the rear panel of the 
432A. : 


8. Observe the indication on the DVM. If less than 400 microvolts, proceed to the 
next step. If 400 microvolts or greater, press and hold the 432A FINE ZERO 
switch and adjust the COARSE ZERO control so that the DVM indicates 200 
microvolts or less. Then release the FINE ZERO switch and proceed to the next 
step. 


9. Round off the DVM indication to the nearest microvolt and record this value as 
Vo. 


10. Disconnect the DVM negative input lead from the Ver connector on the 432A and 
reconnect it to chassis ground. 


11. Set the Power Meter POWER REF switch to ON and record the indication 
observed on the DVM as Vcowp. 


12. Disconnect the DVM negative input lead from chassis ground and reconnect it to 
the Vz connector on the rear panel of the 432A. The DVM is now set up to measure 
V, which represents the power reference oscillator output level. 

13. Calculate the value of V; equal to 1 milliwatt from the following equation: 
Vi-Vo= Vcomp - V (Vcomp)? — (10-8) (4R) (EFFECTIVE EFFICIENCY) 
Where: 

Vo= previously recorded value 
Vcomp = previously recorded value 
10-3 = 1 milliwatt 


R = previously recorded value 


EFFECTIVE EFFICIENCY = value for thermistor mount at 50 MHz (traceable to 
the National Bureau of Standards). 


14. Remove the Power Meter top cover and adjust LEVEL ADJ potentiometer A3R4 
so that the DVM indicates the calculated value of V. 


ee enna Me re) Th Ie ee ee 
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5-6. POWER REFERENCE OSCILLATOR LEVEL ADJUSTMENT (Cont'd) 


TYPICAL 1. ACCURACY 
CALCULATIONS: DVM Measurements: Ver sesyermH)-01 806 
(HP 3455A -90 days, 2800 aaa he ©) (V, —- Vo) +0.023% 
(R) +0.03% 
Math Assumptions: +0.01% 
EFFECTIVE EFFICIENCY CAL (NBS): +0.5% 
MISMATCH UNCERTAINTY: 
(Source & Mount SWR <1.05) +0.1% 
<+0.7% 


2. MATH ASSUMPTIONS: 
pare 2V comp (V1~ Vo) + Vo*~Vi* 
(4R) (EFFECTIVE EFFICIENCY) 
Assume: V)2- V,2=-(V,- Vo)? 
Since: -(V,- Vo)? =-V,2+2V,Vo-Vo2, and 
we want: V,_*- V, 2, then 
the error is: (-V, 2 + 2V;V9- Vo 2) —(V92- Vy 2) =-2V92 + 2V Vo =2Vo(V,- Vo) 
if 2Vo(V1- Vo) << 2Vcomp (V1-— Vo) i.e, Vo< < Vcomp, error is negligible 
Vcomp ~ 4 volts. If Vo< 400 uV, error is <0.01%. 
(typically Vo can be set to <50 yV.) 
3. Derivation of Formula for V;—- Vo 
_ 2Vcomp (V1- Vo) + Vo*- Vi? 


Pee = —<$— — —— ——_——_—_— 
(4R) (EFFECTIVE EFFICIENCY) 


Desired Par = 1 mW = 1079 
Gin 2 a Oaiis Nae aoa Nong 

(4R) (EFFECTIVE EFFICIENCY) 
Let (4R) (EFFECTIVE EFFICIENCY) (107%) = K 
Substitute —(V,—- Vo)? for Vo? — V; 2 (see math Assumptions under Accuracy) 
Then 0 = (V1- Vo) 2-2Vcomp (Vi- Vo) +K 


or V;i- Vo= Vcomp - V(Vcomp) 2-K 
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5-7. MULTIVIBRATOR ADJUSTMENT 
REFERENCE: Service Sheet 2. 


DESCRIPTION: FREQ potentiometer A4R76 is adjusted to set the reference frequency of the multivi- 
brator which drives the phase detector and the FET power sensor. 


TO A4TP7 TO A4TP8 


TO A4TP4 
OSCILLOSCOPE 


RANGE 
tue CALIBRATOR 


METER 


COUNTER 


Figure 5-2. Multivibrator Adjustment Setup 


EQUIPMENT: Range' Calibrator. )oc cues exe bas HP 11683A 
COUNteER Carel Bee, oe ee HP 5314A 
Oscilloscopey iad. aware ae HP 1740A 


PROCEDURE: 1. a. Power Meter switch settings: 


CAL FACTOR’... 2. sive 100% 
POWER RE (oy are OFF 
INE i. ou Wodeeeo weeny ON 
b. Range Calibrator switch settings: 
FUNCTION “2 ee CALIBRATE 
POUARITY (orca peer NORMAL 
DUNE ye heseeae pate ON 
c. Oscilloscope switch settings: 
OE As ete here ee 0.05 V/Div. AC coupled 
As eae een care tte 0.2 V/Div. 
Os 1 8 OPP reper Te 0.5 ms/Div. 
Display. cd. ei cree Chopped — Ch. B trigger 


2. Connect the equipment as shown in Figure 5-2. 


3. Adjust oscilloscope position controls to superimpose waveforms. Establish a 
horizontal grid line as DC average of the TP4 waveform by turning the 11683A 
MODE to STANDBY and positioning the Channel A trace on the line. Set the 
11683A back to CALIBRATE. Turn the oscilloscope horizontal MAGNIFIER to 
X10 so that time calibration will be 50 us/div. See Figure 5-3. 
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5-7. MULTIVIBRATOR ADJUSTMENT (Cont'd) 


HORIZONTAL REFERENCE 


TP4 WAVE 
ZERO CROSSOVER 


Figure 5-3. 220 Hz Zero Crossover 
4. Adjust A4R76 so that the zero crossover lags the square wave by 150 +10 us. 


5. Check that the counter measures 220 +12 Hz at TP8. If necessary, adjust A4R76 
for a compromise between frequency and phase. 


6. If the conditions of steps 4 and 5 cannot be met, change A4C11* or A4C14* as 
follows: 


a. Ifthe frequency at TP8 is too high, change C14* to 0.01 uF. 
b. Ifthe frequency at TP8 is too low, change C11* to 0.0082 uF. 


c. Repeat steps 4 and 5. 
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5-8. POWER METER ADJUSTMENTS WITH 5002 POWER SENSOR 


REFERENCE: 


DESCRIPTION: 


EQUIPMENT: 


PROCEDURE: 


NOTES 


This adjustment should only be performed when the HP Model 
11683A Range Calibrator is not available. 


If the adjustments are to be considered valid, the Power Meter 
must have a half hour warmup and the line voltage must be 
within +5 to -10% of nominal. 


Service Sheets 2 and 3. 


1. The Balance control is centered to remove the dc offset introduced by the Auto 
Zero circuit. 


2. The DC Offset control removes any dc voltage introduced by the DC Amplifier. 


3. The CAL ADJ control is used to set a level of +1.00 Vdc at the rear panel 
RECORDER OUTPUT jack with a full scale input. 


4. The Meter control sets the meter reading to full scale when the RECORDER 
OUTPUT level is +1.00 Vdc. 


5. The Auto Zero Offset adjustment removes any dc voltage introduced by the Auto 
Zero circuits when the ZERO switch is pressed. 


6. TheBalance control centers the Auto Zero circuits output voltage range. The Auto 
Zero output is forced to its negative extreme and the Balance control sets the 
RECORDER OUTPUT voltage below center-range (+1.00 Vdc) by one-half the 
total range. 


HP 435B 
POWER METER 
(SIDE PANEL) 


DIGITAL VOLTMETER 


RECORDER OUTPUT 
(REAR PANEL) 


POWER INPUT 
SENSOR 


Figure 5-4. Power Meter Adjustment Setup with 50. Power Sensor 


Digital: Voltmeter 23.4 <24.0.3.08 HP 3455A 
Power/Sensor . oc sedcstiecsceeese HP 8481A/H or 8482A/H 


1. Set the LINE switch to OFF, wait a few seconds, and adjust the mechanical meter 
zero control for a meter reading of zero. 


2. Set the DVM RANGE switch to 1 Vdc. 
3. Set the Power Meter CAL FACTOR switch to 100%. 


4. Remove the right side cover of the Power Meter and connect the equipment as 
shown in Figure 5-4. 


ee eee eee eer er re er Eee 
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5-8. POWER METER ADJUSTMENTS WITH 500 POWER SENSOR (Cont'd) 
5. Set the LINE switch to (ON). 


NOTE 
Before proceeding with the adjustment, connect the input of a 
frequency counter (such as the HP 5314A) to TP7 or TP8 and verify 
that the multivibrator frequency is 220 +12 Hz. If the frequency is 
incorrect, perform the Multivibrator Adjustment (5-7). 
6. Center the Power Meter Balance Control A4R46. 


7. Setthe Power Meter RANGE switch fully cw and adjust A4R32, DC Offset control, 
for a DVM reading of 0 +0.2 mVdc. 


8. Set the RANGE switch to the position indicated in the table below; set the rear 


panel POWER REF switch to (ON). 


9. Adjust the front panel CAL ADJ control to read 1.000 +0.001 Vdc on the DVM. 


10. Adjust A4R35, Meter control, to give a full-scale meter reading. 


11. Set the rear panel POWER REF switch to OFF; set the RANGE switch to the 


position indicated in the table below. 


3 uW 


8484A (HP 11708A Reference Attenuator required) Risa a 
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ADJUSTMENTS 


5-8. POWER METER ADJUSTMENTS WITH 500 POWER SENSOR (Contd) 


12. Press the front panel ZERO switch, hold it in, and adjust the Auto Zero Offset 
control A4R42 for a DVM reading of 0 +1 mVdc. 


13. Set the RANGE switch to the position indicated in the table below; set the rear 


panel POWER REF switch to (ON). 


8485A (HP 1250-1250 Adapter required) 


8484A (HP 11708A Reference Attenuator required) 


14. Press the ZERO switch, hold it in, and adjust the Balance Adjustment, A4R46, 
until the DVM reading is 961 +1 mVdc. 
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eee rrr 
5-9. POWER METER ADJUSTMENTS WITH CALIBRATOR 


REFERENCE: 


DESCRIPTION: 


EQUIPMENT: 


PROCEDURE: 


NOTE 


If the adjustments are to be considered valid, the Power Meter 
must have a half-hour warmup and the line voltage must be 
within +5 to -10% of nominal. 


Service Sheets 2 and 3. 


1. The Balance control is centered to remove the dc offset introduced by the Auto 
Zero circuits. 


2. The DC Offset control removes any dc voltage introduced by the DC Amplifier. 


3. TheCALADd control is used to set a level of +1.00 Vdc at rear panel RECORDER 
OUTPUT jack with a full scale input from the Model 11683A Range Calibrator. 


4. The Meter control sets the meter reading to full scale when the RECORDER 
OUTPUT level is +1.00 Vdc. 


5. The Auto Zero Offset adjustment removes any dc voltage that is introduced by the 
Auto Zero circuits while the ZERO switch is pressed. 


6. The Balance control centers the Auto Zero circuit’s output voltage range. The Auto 
Zero output is forced to its negative extreme. The Balance Control sets the 
RECORDER OUTPUT voltage below the center (+1.00 Vdc) by one-half the total 
possible voltage swing. 


435B 
POWER METER 


RANGE DIGITAL VOLTMETER 
RECORDER OUTPUT 
Chenoa (REAR PANEL) 
POWER INPUT 
METER 
Figure 5-5. Power Meter Adjustment Setup with Calibrator 
Digital Voltmeter’ ...i.:.5...... HP 3455A 
Range, Calibrators ...1..0.. 0402 .-4 HP 11683A (ONLY) 


1. Set the Power Meter LINE switch to OFF and adjust the mechanical Meter 
Zero control for a meter reading of zero. 


2. Set the Power Meter switches as follows: 


CALHEAGIROR cil lis cots seston 100% 
RANGEsposition % i'... 5... Oe fully cw 
POWER Eibach: aso ast iee OFF 
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5-9. POWER METER ADJUSTMENTS WITH CALIBRATOR (Cont'd) 


3. Set the Range Calibrator RANGE switch to 1 mW, FUNCTION switch to 
STANDBY, and POLARITY switch to NORMAL. 


4. Set the DVM RANGE switch to Vdc. 


5. Remove the right side cover of the Power Meter, connect the equipment as shown 
in Figure 5-5 and set the LINE switch to ON. 


NOTE 
Before proceeding with the adjustment, connect the input of a 


frequency counter (such as the HP 5314A) to TP7 or TP8 and 
verify that the multivibrator frequency is 220 +12 Hz. If the 
frequency is incorrect, perform the Multivibrator Adjustment 
(5-7). 

6. Center the Power Meter Balance control, A4R46. 

7. Adjust A4R32 DC Offset control for a DVM reading of 0 +0.2 mVdc. 

8. Set the Power Meter RANGE switch 5 turns from the fully ccw position. 

9. Set the Range Calibrator FUNCTION switch to CALIBRATE. 


10. Adjust the Power Meter front panel CAL ADJ control for a DVM reading of 1000 
+1 mVdc. 


11. Adjust the Meter control A4R35 for a full-scale meter reading. 
12. Set the Range Calibrator FUNCTION switch to STANDBY. 


13. Set the Power Meter RANGE switch fully ccw, press and hold the ZERO switch, 
and adjust A4R42 Auto Zero Offset control fora DVM reading of 0 +1 mVdc. 


14. Set the Power Meter RANGE switch 5 turns from the fully ccw position; set the 
Range Calibrator’s FUNCTION switch to CALIBRATE. 


15. Press and hold the Power Meter ZERO switch and adjust the A4R46 Balance 
control for a DVM reading of 961 +3 mVdc. 
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SECTION VI 
REPLACEABLE PARTS 


6-1. INTRODUCTION 


This section contains information for ordering 
replacement parts for the Power Meter. Table 6-1 
lists abbreviations used in the parts list and 
throughout the manual. Table 6-2 lists all replace- 
able parts in reference designator order. Table 6-3 
contains the names and addresses that corre- 
spond to the manufacturer’s code number. 


6-2. ABBREVIATIONS 


Table 6-1 gives a list of abbreviations used in the 
parts list, schematics and throughout the man- 
ual. In some cases, two forms of the abbreviations 
are given, one all capital letters and one partial or 
no capitals. This occurs because the abbreviations 
in the parts list are always all capitals. However, 
in the schematics and other parts of the manual, 
other abbreviation forms are used with both lower 
case and upper case letters. 


6-3. REPLACEABLE PARTS LIST 


Table 6-2 is the list of replaceable parts and is 
organized as follows: 


a. Electrical assemblies and their components 
in alpha-numeric order by reference designation. 


b. Chassis-mounted parts in alpha-numeric 
order by reference designation. 


c. Miscellaneous parts. 
d. Illustrated parts breakdown. 


The information given for each part consists of the 
following: 


a. The Hewlett-Packard part number. 
b. The part number check digit (CD). 


c. The total quantity (Qty) used in the 
instrument. 


d. The description of the part. 


e. Typical manufacturer of the part in a five- 
digit code. 


f. The manufacturer’s number for the part. 


The total quantity for each part is given only once; 
at the first appearance of the part number in the 
list. 


6-4. FACTORY SELECTED PARTS (*) 


Parts marked with an asterisk (*) are factory 
selected parts. The value listed in the parts list is the 
nominal value. Refer to Section V for information 
on determining what value to use for replacement. 


6-5. ORDERING INSTRUCTIONS 


To order a part listed in the replaceable parts 
table, quote the Hewlett-Packard part number, 
indicate quantity required and address the order 
to the nearest Hewlett-Packard office. 


To order a part that is not listed in the replaceable 
parts table, include the instrument model number, 
instrument serial number, the description and 
function of the part, and the number of parts 
required. Address the order to the nearest Hewlett- 
Packard office. 


NOTE 


Within the USA, it is better to order 
directly from the HP Parts Center in Mt. 
View, California. Ask your nearest HP 
office for information and forms for the 
“Direct Mail Order System” 


6-6. PARTS PROVISIONING 


Stocking spare parts for an instrument is often 
done to insure quick return to service after a mal- 
function occurs. Hewlett-Packard has a “Spare 
Parts Kit” available for this purpose. The kit con- 
sists of selected replaceable assemblies and com- 
ponents for this instrument. The contents of the 
kit and the “Recommended Spares” list are based 
on failure reports and repair data, and parts sup- 
port for one year. A complimentary ‘‘Recom- 
mended Spares” list for this instrument may be 
obtained on request, and the “Spare Parts Kit” 
may be ordered through your nearest Hewlett- 
Packard office. 
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attenuator; isolator; 
termination 

fan; motor 

battery 

capacitor 

coupler 

diode; diode 

thyristor; varactor 

directional coupler 

delay line 

annunciator; 

signaling device 

(audible or visual); 

lamp; LED 


ampere 
alternating current 
accessory 
adjustment 
analog-to-digital 
audio frequency 
automatic 
frequency control 
automatic gain 
control 


control 
amplitude modula- 


amplifier 

automatic phase 
control 

assembly 

auxiliary 

average 

American wire 


balance 
binary coded 
decimal 


copper 
beat frequency 
oscillator 
binder head 
breakdown 


bandpass filter 
brass 


counter-clock wise 
ceramic 

channel 

centimeter 

. cabinet mount only 
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REFERENCE DESIGNATIONS 


circulator 
electrical connector 
(stationary portion); 


mechanical part 


electrical connector 
(movable portion); 
plug 


transistor: SCR; 


triode thyristor 
resistor 
thermistor 
switch 
transformer 
terminal board 
thermocouple 
test point 


ABBREVIATIONS 


composition 
complete 
connector 
cadmium plate 
cathode-ray tube 
complementary 
transistor logic 
continuous wave 
clockwise 
centimeter 
digital-to-analog 
decibel 
... decibel referred 
to 1 mW 
direct current 
degree (temperature 
interval or differ- 


degree (plane 


degree Celsius 
(centigrade) 

degree Fahrenheit 

degree Kelvin 

deposited carbon 

detector 

diameter 

diameter (used in 

parts list) 


DIFF AMPL.. differential 


amplifier 


double-pole, 
double-throw 


double sideband 
diode transistor 
logic 
. digital voltmeter 
emitter coupled 
logic 
electromotive force 


NOTE 


electronic data 
processing 

electrolytic 

encapsulated 

external 

farad 


flip-flop 
flat head 
fillister head 


. . frequency modulation 


front panel 
frequency 


germanium 
gigahertz 
glass 
ground(ed) 


heterodyne 
hexagonal 


mercury 
high 
Hewlett-Packard 
high pass filter 
hour (used in 
parts list) 
high voltage 
Hertz 
integrated circuit 
inside diameter 
intermediate 
frequency 
impregnated 
inch 
incandescent 
include(s) 
input 
insulation 


All abbreviations in the parts list will be in upper-case. 
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integrated circuit; 
microcircuit 
electron tube 
voltage regulator; 
breakdown diode 
cable; transmission 
path; wire 
socket 
crystal unit (piezo- 
electric or quartz) 
. tuned cavity; tuned 
circuit 


internal 

kilogram 

kilohertz 

kilohm 

kilovolt 

pound 

inductance- 
capacitance 

. light-emitting diode 

low frequency 

long 

left hand 


linear taper (used 
in parts list) 


LK WASH lock washer 
LO ... low; local oscillator 
LOG .... logarithmic taper 
(used in parts list) 
logrithm (ic) 
low pass filter 
low voltage 
meter (distance) 
milliampere 
maximum 
megohm 
meg (108) (used 

in parts list) 
MET FLM metal film 
MET OX metallic oxide 
MF ... medium frequency; 
microfarad (used in 

Parts list) 

manufacturer 
milligram 
megahertz 
millihenry 


minimum 
minute (time) 
minute (plane 


miniature 
millimeter 
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modulator 
momentary 
Beet ie ce! 16 Je metal-oxide 
semiconductor 
millisecond 
PR ie ONS mounting 
meter (indicating 
device) 


si fete. elie) (6 ¢ 


2 6. si. ® f° 


abs woe 8) 8 


sist hela, opr aes millivolt 
millivolt, ac 
ew lal che millivolt, dc 
millivolt, peak 
millivolt, peak- 
to-peak 
millivolt, rms 
milliwatt 
multiplex 
ree teal a Fab tate aw oa mylar 
microampere 
microfarad 
microhenry 
Bos! on (eee gs te micromho 
microsecond 
aie Say ster wher ete microvolt 
microvolt, ac 
eravrahons microvolt, dc 
microvolt, peak 
microvolt, peak- 
to-peak 
microvolt, rms 
Semele: ted einen microwatt 
aS oe eR aE nanoampere 
no connection 
normally closed 
ASPattis aeons neon 
negative 
nanofarad 
Mean eiot tris nickel plate 
normally open 
nominal 
EP Tap sovic cee tee normal 
negative-positive- 
negative 
negative-positive 
zero (zero tempera- 
ture coefficient) 
. not recommended 
for field replace- 
ment 


STC OF 


=) pila 6), bin tee. 6. 


us) ia) 6 on eae) 


Siunas, 16. 6 folie 
ehelve 6 se) cou.e ie 


slg cel ©: ey ie) 6. be 
op ol 8) ie) (4) se, (6) 


see. es 


a fe ‘we. (6 6. Fs) (650 


attahialhs.2 not separately 
replaceable 
nanosecond 
eee ties puaie, foe nano watt 
order by descrip- 
tion 


Siw ieiw ayy @. (0! ce 


eRe he outside diameter 
oval head 
operational 


le) [es bigwl_@: alle. e 


Ry ecu cars option 
BY As Ske oscillator 


peak (used in parts 
list) 
ite Ppulse-amplitude 
modulation 
Be oh (SRO printed circuit 
pulse-code modula- 
tion; pulse-count 
modulation 
Fae ee pulse-duration 
modulation 
iesPeiamebimer sys picofarad 
phosphor bronze 
Mc oteWet sured 6. bh Phillips 
positive-intrinsic- 
negative 
RODS sotgs peak inverse 


BAOIUCO Tod COU he wren 
eo” ef (6 6: conage +6 


Pe te OF ar 


oscillator 
phase modulation 
positive-negative- 

positive 
Sees he rtegs polystyrene 
Ms hehe: porcelain 
. Positive; position(s) 
(used in parts list) 
ats Be Oe position 
potentiometer 
Pie ie ee peak-to-peak 
peak-to-peak (used 
in parts list) 

Peas TAS pulse-position 
modulation 
PREAMPL ... preamplifier 
PRF pulse-repetition 

frequency 
pulse repetition 


Boh ee .aels: 6 Le 
S Ghleliomr Sie 6 ss ee 6 


a mo eo 6 ‘8 


modulation 
orl pulse-width 
modulation 


All abbreviations in the 


Table 6-1. Reference Designations and Abbreviations (2 of 2) 


Saseeis ths peak working 
voltage 
Sear eter acy an resistance- 
capacitance 
Me: PET ee rectifier 
Be eS es reference 
Ste Panctg ohare: @: s regulated 
alee Seams replaceable 
radio frequency 
radio frequency 
interference 
round head; right 


resistance- 
inductance- 
capacitance 
. rack mount only 
root-mean-square 


Cet) Cer hurt 


read-only memory 
rack and panel 
reverse working 
voltage 
... seattering parameter 
SMO ARCNEECIONE second (time) 
. second (plane angle) 
he ae slow-blow (fuse) 
(used in parts list) 
silicon controlled 
rectifier; screw 
selenium 
sections 
semicon- 


each ct cca IC. ary 


sire (o) eh Seed 


SEMICON ..... 
ductor 
a uae superhigh fre- 
quency 
Sins Mes nae silicon 


SU ies (eile: suie le «a ¢. obo la 


signal-to-noise ratio 
ble bc ie ee single-pole, 
double-throw 
yee et Cee ee spring 
split ring 
MOS SRCEING single-pole, 
single-throw 
single sideband 
stainless steel 


ells «16 ‘eo 
Cy Caos 
erro. wy 9) (o> wm) ee) a) wie 


standing-wave ratio 

Seah otew ome synchronize 

T .. timed (slow-blow fuse) 

Baie i emer er tantalum 

auch carga) & temperature 
compensating 


NOTE 


parts list will be in upper-case. 


MULTIPLIERS 


Abbreviation 


ah 
G 
M 
k 
da 
a 
c 
m 
U 
n 
p 
f 
a 


Prefix Multiple 


tera 
giga 
mega 
kilo 
deka 
deci 
centi 
milli 
micro 
nano 
Pico 
femto 
atto 


Replaceable Parts 


time delay 
terminal 


3.46; Jena) (elie: 0° 6F Oe 


at or ie OMario ee (6) a 76h 


thread 
through 
SMM A Suis soled alee te titanium 
<p ihes 4 ee tolerance 
trimmer 
transistor 


SsetatereMel thai television 

television interference 

traveling wave tube 

micro (10 °) (used 

in parts list) 

. microfarad (used in 
parts list) 

. ultrahigh frequency 

unregulated 

Case CMray (eel Naate en "cone. fo volt 

voltampere 

volts, ac 

GUS NOME) SRSee eee variable 

voltage-controlled 
oscillator 


a) 8] ‘el Ne) © 


Sane! jet le Jee) 6 


i Sie A volts, de 
volts, dc, working 
(used in parts list) 
Pe ee ee volts, filtered 
variable-frequency 
oscillator 
steht eitale very-high fre- 
quency 
Mees, fouc? & volts, peak 
volts, peak-to-peak 
HAS Sere volts, rms 
voltage standing 
wave ratio 
ae alta, laughs voltage-tuned 
oscillator 
vacuum-tube 
voltmeter 
volts, switched 


8) Sere Le 16 9 al «8p r6: Jeniel (se ie 


working inverse 
voltage 
wirewound 
aes Aah Pare ee without 
yttrium-iron-garnet 
bo kaokenes characteristic 
impedance 
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Replaceable Parts Model 435B 


Table 6-2. Replaceable Parts 


Reference 
Designation 


Description Mfr Part Number 


N4A5-60035 


SWITCH ASSEMBLY 


Al 


FXD LOUF+-10% e2OVoc TA LEODLO6X9O20R2 


ALCL 


ALCe 0100~ 10% 1OV0C TA SOD SSE XSO1 OE 
ALCS 0180-17 6 DLS6X9 D2 


‘+-10% @20YDC TA 


% 6VNC TA LSOD4 746X900 6) 


AIC4 0180-1704 


AlS1 1200-9508 1200-0508 


AIR1 te TOO C4—1/8-T0—10R OF 
ALR2 4-100 C4~1/8-TO<“10R0-F 
AIRS +10 0 C4-1/8-TO- LOR DF 
ALRA 4—~100 C4-1/8-TO-1LORO-F 
AIRS te 1 00 C4=1/8=T0=1.0Ri0--F 


ALRS 0346 +100 C4178" TOT ORO 


§237— 


ALR? 0346 c JS) 0-A0R OF 
AIRE 346 
AIR? C4~ 1 /8-T0-10RO-F 


F 

| | 

C4 1/8-TO- LOR DF 
| 

F 


ALR1O 0757-0346 “ABH TO LOR OF 


AIR 07% 0346 
ALR 
ALR 
ALR14 
ALR LS 


Gs 


Jt—100 


AIRE 100 


e TCO 


ARI? 
ALRIS Ore 100 He) 
AIRS 1% Qe 100 Daas 


Alsi 3100-1618 80 


2190-0016 


SWITCH=ROTARY CRANGE ) 
Wk CNT Tt 2/ B= 21 


31090-1618 
Q21LFO-0016 


0900 


2950-0001 X-DBL-CHAM 3/8 ~ THK ORDER BY DESCRIPTION 
A1Se2 SL 00—1617 ROTARY COAL FACTOR > 240 3100-1617 
2190-0016 UK INSIST S/S CIN a7 70ND e4eo 2190-0016 


29500001 “X@DBL-CHAM 3/8-32-THD ,094—TN THK OOo00 ORDER BY DESCRIPT TON 


NOT ASSIGNED 


00435-60003 


Cc 


POWER REFERENCE OSCILLATOR ASSEMBLY 28430 00455-60005 


( IR FX +-20% LOOVDC CER 
CAP AL R-FDTHRU SOOOPF +80 -20% 200 
: TORFDTHRU SOOOPF +80 -20% 2n0V 
: /OTUE % 1OOVDC 
QUE 1O0¥DE 


O1LE0 3879 
DLE 0 3036 
VLGO 3036 
01603879 
Q1L460-32879 


0160- 3879 


0160-2027 
0160-3070 
0180-01 j 


SOOPF + 
LOOPF 

4, 7UF LOK 
: TOR =F DING 
CAPACTTOR-FXD 1O00PF +: 


SQOVDE MICA 
S00VDC MICA 


0160-2027 
0160-3070 
160D4% KOO! 


Geo 


0160-3878 


0160-0179 CAP ACT TOR eahit eas SOOQVDC MICA NLE9- 0179 
0160-3879 CAPA »OLUF % ANOVOHC CER HUGO 3879 


0160-4006 
0160-4007 


CAPA 


< Roce buat 
CAPACITOR = -FXD 


200PF + 


% SOQOVDC GL 
5% S00VDC Gh. 


HYG 4006 
0160-4007 


28480 


1901-0518 
19O1-0818 
0122-0299 


SiG SCHOTTKY 
OT TK Y 
a@ Ce/C2AY-MIN= 


28480 
Bil 
25480 


1901-0518 
1801-0818 


Hee —Va Ps: 


2 BYR=2 OV 


1250-1220 CONNECTOR=-RF SMC M PC S0-OhMM 23480 Leah0-1eae0 


9140-0144 
00436~€ 
00436-80002 


TNDUGTOR REF-CHeMLD 4. 7UH 10% ,105DX. 26.6 
COM. VAR TABLE 
Ue S=17 2 TURNS 


9140 0144 
10436-80001 
00436-80002 


ASMP 1 NOASS-O0010 “SOMHZ QSCTLALATOR 20480 00435-00010 

ASMP 2 2190-0843 iy TeNOi 8. litect N= aD 28490 2170-0843 

ASMP S GO-0002 Vesey oT Ne THK oogga QRBER BY DEGOR TPT ION 
ABMPA 90-0124 £ . TNO, 190 pe 2B 4S0 2190-01284 

ASMP SS 29S0~ 0078 NUT-HEX Dis CHAM 10-32-THD, .067-IN=THK 2P50-0078 


CAMP & 2200-0113 Q8-INAG PAN-HD@POZT ( ORDER BY DESCRIPTION 
ASMP? 3 00079 @ \O94-TNE TD. BB e NOD 20480 SAGO 1079 
AMPS 7120-6996 20480 PAVED 6996 


ASMA 


i4-0247 
1200-0173 
1854-0071 


TRANSISTOR NPN SE TO-39 PD=1W FT=80 OMHZ 
INSULATOR-XSTR DAP GL. 
TRANSISTOR NPN GT PD=S00MW FT=200MH2 @2B480 J VBS 


0757-0442 
O7S7— 0421 
0811-3234 


TOR 10K 1% «1 
DR B25 1% 21 
TOR 10K 1% .05 


Ne 1/8-TO-1002 
~ 1 /8- T0825 ~F 
L/E0= BME ob 


Q+- 100 


oe 


2100-3154 REST TOR=TRMR AK 10% C SID “ADI V7 - TRIN 
NS11-3581 RESISTOR 7.1K 41% ,OSW PWW TC=O+—10 NBLL338 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Model 435B Replaceable Parts 


Table 6-2. Replaceable Parts 


Reference HP Part 
Designation Number 


Description Mfr Part Number 


ABR ) ; STOR 7.SK 1h eSW F Tl=0+-100 O4n C4-1/B-T 0~ Ae Is 
ASR? ne bw io TOR TOOK 1% ai ES arte sie SONY) C3- 178-7 0-10053-- 
ASRB TOR 100K 4% .1e5W F O+~100 () C421 7/8 1,0- fie 
ASR? i) RF TOR 100K 1% .OSW F OTE re 100 AASA4E C3-1/8-T0- 1003 
ASR1O 0757 -~ 0280 3 ESISTOR 1K 42 .125W F r= Q+-100 e4S C4—1/8-TO-1004 


AGRI ees “O28 0 a ; TOR UK a2 gay te 100 2ASAG CAB A noce 
ABR12 : 7PI7-0442 > TSTOR DOK the 2 “Tle D+ 100 BAS 4ab C4—-1/8-T0~10028— 
ASR1S 0698. OORS : (@ ; TOR 1,96K 1% eae) t= 1 00 24% CA=1/78~10=196 03k 
ABR1IA 0757-0398 1 TORINC St ne, onde a, 4-100 ass C4-1/8-TO~ : 
ASRS 1698-3445 ft. Rin TOR 348 1% .125W F ° Or 100 546 C4--1/8~T 0-348R «Fk 


ABR1G 0498-8581 I } RESISTOR $0.5 14 .12@%W F TCs04+-25 E480 Q698- 8501 


ASTP 1 Tess 14 ‘CONNER TOR<SGL CONT PIN 1. 14°MM-BSC-5Z SG 2848 0 1251-0600 
ASTP2 Pe2s1—06 CONNECTOR<-SGL. CONT PIN 1,14—-MM-BSO~S7 24 1 1-0600 


ASW 1BR6—0012 e ‘ TC OP AMP LOW-NOTSE TO-99 PKG 166¢ SSs74107 
A4U2 1Re wee | IC OF AMP GP TO899 PKG BL BE CASOLAT 


ASYRI 1902-0041 a DIODE~ZN (LIM S42 DO-3S PD=, 4W 29480 1902-0041 
ASVRA 1902-0680 4 LODE-ZNR Nae? 6,24 3% DO- 7 PDs, al 24046 INB27 


A4cl 180-2206 ? CAPACI TOR-FXD & + 6UDC TA Shee LEOD606X9 00 bhe 
A428 } “D228 é ' SAF TOR-FXD 22@UF+-10% L5YNC TA af L5OD226K9 01 SE 
AACS 1é CAPAC TTOR-FXD .O1LUF +80 1% 1OOVDC CER : 91602055 

AAC4 1é ? 2 AF TOR-FXD SUF + 200¥DC 20480 DL G0 3449 

A4CS N160~ 0160 & CAP ACT TOR<F XD 92 00PF te 10% 200VD0 POLYE 28480 0160-0160 


A4C6 0180-0229 7 CAPACI TOR-FXD S3UF+-10% LOYD TA pak oer reo leee 
A4C7 0170-0040 > 2 C : 047 tet0% 200VDC POLYID : 

A4CB 0160-3439 5 p ' ; } DC ; 

AAC? 0180-0197 ( CAP A : % DG 6285 vf x02 002 
AAC LO 0180-0197 : CAL? A LTOR=FXD (alts ey bh oman UY 6 TA EOS JEONEA2SXPOVL DAE 


A4C 11% 0160-0161 oe PAPACTTOR-FXD ,O1UF +-10% 200YDC0 POLYE 2048 01460-0161 
A4C 12 H180~-0116 4 2 AR Uae ate ie ree S5VDC TA GeO? 1SO0DS585xX903 
A4C1S N1B0-0116 1 : IRF ; Saeee S5YDC TA 56239 TS 0D605X903 
A4T14% 0160-0164 76 : PF ae 20OVDCO POLYE 20480 Q1460°0161 
AACS 0170-0040 ZAP A IRF XL OAPUF. "TOK 200VDC POLYE HO289 2P2P47 397A 


A4C16 0180-0374 SAP ACT TOR -F P+-1O% 20YDC TA rayne Ht Se tal A 
AACL? 0180-0197 CAP A IRF XD ¢ P+-1 0% 2OVDC : LS0De25X90e29Ae 
4018 0180-0373 y ; oA alr § a at A ¥ LEON684K90 
A4C19 O(BO—O1VG ; CAP A f 6. BUF+ ate g etl 56289 LSODS8SK9 03 
V180-0116 CAPACLTOR-FXD 6, B8UF+-104 35 all G SGee LS0D4685X9 03 


0160-3456 2 CAPAC TTOR~ “FXD 1O00PE 10% AKVDC CER 2O4E 0160-3456 

H1B0-1997 : CAP IR ‘D2 PeS0= 10% 1SOVDC AL AS VARO-1997 

H1iBo9-0197 q > AP A h 2 IFe=10% 20VD0 TA LSOHeASXPO0E0A2 

0180-0374 a ZAP A ? ~VO% eoune TA 62RD PSOD1O6X9020 82 
C25 N160-2290 | TAP AG I. g JLSUF +-10% 80VDC POLYE 20480 H160—2290 


AAC2 0160-2204 DAPAGTTOR-FXD LOOPF t-S% S00¥DC MICA 2490 H160-2204 
A4C27 oT Ney 

A4C2B N1B0—-1794 2 DAF LT 2 LF SIVDC TA es fy 

AACE? 1e0~—1 CAP RE fs 440 10% SIVNC TA fy] 150D226X90 
A4C30 1180-2206 DAP ACT. GOUF+-10% 6YDC0 TA SHOE ieeneaaeea anne 


AAC 31- 

AAC SBF NOT ASSIGNED 

A4C39 0180-0291 CAPACTTOR<-FXD LWP+-10% S5UD0 TA aravans LSODLOSK9 O25Ae 
A4C40- 

A4CSOF NOT ASSIGNED 


AACR I 1901-0895 
A4CRE 1901-0895 
A4ORS 1901-0033 
A4SCR4 1701 -003% 
AACR S 1901-0364 


DTODE«S IG SCHOTT 260480 1901-0895 
‘I 2O4G 1901-0895 
290MA DO 28480 1901-0033 

e2goMa pO 29480 1901-0033 

1A 28480 1901-0364 


huts pS Dd 


AATRE 1901-003% : LODE-GEN PRP TG0Y 200MA DO e480 1901--0033 
A4CR7 1901-0033 : I EN PRP 180Y 200MA DO OBAE 1901-0033 
A4ACRE 1901-0328 a 10 RECT 400V 1A 6US A14h 
AACR 1901-0033 : i EN PRP 180Y 200MA DO- 20490 1991-0033 
A4CR10 1901-0328 i TODE-PWR RECT 400 1A 46US 03508 ALAD 
AACR 1901-0033 b4 LODE-GEN PRP 180Y 200MA DO- OO4e 1901-0023 
AACR 12 1901-0033 2 LC SEN PRP 1BOY 200MA DO’ 2B4G 1901-0033 
A4ACRIS 1901-0328 ; TODE-PWR RECT 400V 1A 605 Rb A14D 


A4I1 11-06 CONNECTOR=-SGI. CONT PIN 1. 14°MM=BSC-SZ SG 20480 251-0600 
A4T2 1291-0600 CONNECTOR=-SGL CONT PIN 1. 14°MM=<BSC-SZ SQ 2O480 é : 


A4K 1 0490-0916 ; RELAY-REED 146 SO0MA 1O00VDC SYDC-COTL 2430 0490-0916 


AA4MP I ; Sieg a) e @ HEAT SINK TO-64-CS 28400 
AAMP2 1205-0088 HEAT SINK TO-66@CS 29490 


See introduction to this section for ordering information 
*Indicates factory selected value 
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t Backdating information in Section VII. 


Replaceable Parts Model 435B 


Table 6-2. Replaceable Parts 


Reference HP Part 
Designation Number 


Description Mfr Part Number 


AAPL 0362-0063 B 2] ECTOR-SGL CONT QDISC<-FEM 28480 VAG oe 
A4P2 0362-0063 CONNECTOR-SGL. CONT ODISC FEM 28480 


A4Q1 1853-0020 TRANG ISTOR P St Ph=S00MW FT=150MHZ 

AAA 1853-0020 TOR P ST Pd#=300MW FT=150MHZ 3 
A4Q3 1854-0074 RAN A St PD=SO0OMW FT=200MN7 20490 
A4Q4 1854-00714 ) TOR F 5% PY=SO0OMW FT=200MHZ G40 
A4Q5 1854-0071 ‘ RANE PN ST PD=S00MW FT=200MHZ 20480 


A4Q6 1855-0020 8 s a ba ui “FET NeCHAN D-MODE TO-18 ST 28480 
A4Q7 1855-0020 : j ! PFET NeGCHAN De MODE TO-18 SI PD4ABO 
A403 D 

A4Q9 ? , . 

A4Q10 1853-0012 2 TRANSISTOR PNP 2@NP904A ST TO-39 Ph=S00MW O1A9S 


A4Q11 1853-0012 TRANSTS" P 2N2904A ST TO-39 PD=400MW V1LeE9S 
A4Q12 1854-0072 F 1 TRANS LOST @N3054 Sl TO-66 PD= < 3M 
A4Q13 1853-0052 mh 3 i 2N3740 ST TO66 PD= 

A4Q14 1854-0074 RANS T STOR PN ST PD=S00MW FT=200MH7 

A4Q1S 1854-0071 TRANS TSTOR F Sf PD=300MW FT=200MNZ 


A4Q16 1854-0090 5 PN SI TO-39 PD=1W FT=100MHZ P8480 1954-0090 
Aaa? 1¢ TRAN IR PNP ST TO-39 PD=1W FT=100MHZ eRAg0 1083-0038 
A4ais : 2 ; TC IP ST PD=SOOMW FT=150MMZ ANAL 40020 
A419 ; " 

AAQ20 1884-0073 THYRISTOR-SCR TC ae A94—-00'73 


A4R1 0698-3169 R 31.6K 1% .WeSW F 4G C41 /B-TO8 31 b2-F 
AAR? 0698-3156 ES) STC 14,7K 1%, : as i CA-1/B-TO-1LA7 AF 
A4R3 0757-0288 ; RESISTOR 9,09K 1% . z ih or VIZ MF ACL /B~ TO hae fr 
AAR4 NGI B3433 2 4 : STOR 147 4% .1ae = AAS C41 78 “TO 14? Re 
A4ARS 0698-3152 ESISTOR 3.48K 1% 1125 : 2 eA TAs 1/8 TO? noe 


A4RG 0757-0459 ESISTOR 54.2K 1% .125W F TC=0+ eas C4°1/8-T0-8622-F 
AAR? 0757-0465 STOR 100K 1% .125W FT P41/8-T0 F 
AARS 0757-0444 ely aWoF TOS0+~1 ; e a e-To-412 21 POF 
AAR® 0757-0442 10K 1% .125W F Te=0+-100 2 S41 /8=T 0 F 
AAR 10 0698-3159 5 2 PSISTOR 26.1K 1% .125W F TC=0+-100 248iae S41 /B-TO- 261 BF 


A4R 11 0698-3159 | i: TOR 26.1K 1% .125W F TC=04+-100 eas DAM ASB TOM 2612: 
AAR 12% 0757-0279 [ST Os LOK? UZ AAS Peat 24-1/8-T0—3 
A4R 13 07957-0442 10K 1% , ane ; DA 1/8-TO- 
A4R1L4 0698-3446 a tS AR SHS 1% 4.782 i : Pee a4 4 P4-1/8-T0-3 
A4RIS 0757-0461 @ ESISTOR 68.1K 1% .12es FP TO=04+-100 RAS D4 1L/B-T0 GE 


AAR 16% 0757-0279 ESISTOR 3.16K 1% .125W F TC=0+~-100 @AOAE 74> 1/8-T0-2 
A4SR17 0757-0461 2 [STOR 68.1K 124 .125W F TC=0+-100 e4AS ee Bi 
A4R18 0757-0442 TOR 10K 1% es " TOs O0+-100 P4aT4 P43 / 8-70 
A4R 19 0811-3214 3 1 \ TOR 31.62 .1% .05W PWW TC=0+--10 14140 1409-- V/4 02 
A4R20 0811-3218 5 ESTSTOR 1K 11% ,OSW PWW TC=0+-10 14140 1409-1/890— 


A4RA1 Q757~ 0290 w) I STOR 6.19K 1% ,VASW FP TleO+—-100 AP7 01 MP ACL 7B SAPS aek 8 Wig We 
A4R22 0498-3450 i 2 g TOR 42, 2K mos Fr TC=0+-100 eas S41 ABH TO 4 2P 2 oF 
A4IR2S 0757-0278 ? ; RESISTOR 1. 78K 14 ' e TCO 100 S46 Rae B= TO er 
A4SR24 0757-0438 1 ISTOR S&S. SME iC Fy TO=0+-100 é TAL /8-T0S111-F 

A4ARZS 0698-3162 O ; STOR ae 6 .1a5W F TC=04+-100 BAS "1/8 T0-4642 -F 


AAR26 737-02 RESISTOR A25W F Te 0+-100 Bass DAHA EAT Oe 1.001 ~ 
A4R27 0698 3450 5 TOR 42,2K 1% .125W F Je 100 2446 Ae tS B=T O-42ect-- 
A4R28 0757-0278 t TOR 1,78K 1% aw) Ey F P= 4 DA ASB TOM L781 WF 
A4R2D 0757-0442 7 ; TOR 2OK 1% wte ed RAS so WA eo PS oeay UN Cd 
A4RSO 757-0442 9 -ESISTOR 10K 1% .1285 ym a4 241 /8-T0-1002— 


A4R 31 0698-3158 4 RES TOR 1% .725W F TCH0+-100 QAS whe ca eae) 

ASR32 2100-1738 : 3 TO ~TRAR 10K 10% C TOP. ADT 1<TRIN BEPRLOK 

AAR SS 0698-8300 : 1 i TOR 840 1% ,125W F The0+-100 ) MF4CIL/ 8 T0084 0R<F 
AARS4 0757-02 TOR 1K 1% 125 Fe We +-100 aS C4 1/8-T0"1001-F 

AARSS i “AOE ‘ 1 RESISTOR=TRMR 200 10% C TOP-ADT 1-TRN 312 B2P R200 


ASRI6 0757-0419 1 ESISTOR 687 14 ,125WLF | 10 = 4s C4 AL/8-T Oe 

A4ARS? 0757-0399 a 1 \ TOR B2:55° 12%. ol 2a oe O+-100 2 b C4—1/8-T0€ 
A4RSS 0698-3154 ali : .125W F =O+—-100 @ C4°1/8-TO- 

AAR SD 06983150 * : ; OF “37K 1% 125W " Th=0+-100 Dae C41 /8-T0-2 
A4R4) i ASSIGNED 


A4R41 IT ASSIGNED 

A4R42 200 TOR- ~TRMR 10K 10% fe TOP -ADS LTR S12 psi 

AAR 4S SB i 1 ; TOR “ 2 BS “900741200 Qed * 3 
A4R44 04598~ 3160 : TOR ' hos esi Fo TC=0+4+-100 B4SAG on 1/8- =T03) 
A4R4S N22 04G7 i ; RE R 12K AM J ARSW OF The 0t 100 24546 =i eat taal 


A4R 46 21090-2031 7 Ge R-TRMR SOK 10% C TOP-ADJ I~ “TRI 73138 
A4R47 0757-0841 d ; RESISTOR 201K 1% .SWOF Te=0+- 28480 
A4R48 0757-1000 ; TOR S1l.1 1% i : 28490 
AAR AD 0683-0685 o TOR 6.8 5% .25W FC a) 01121 
AARSO 07570465 ; SSUISTOR 100K 1% .1285W F TC=04+-1 CASAS 04- 1/8-T0- 1003 


AARSI 0757-0465 hs REG a 100K 1% ,1aGW F BASS C4e 1/8 T0-1003-F 
A4RS2 0698-3157 , UP V6K LA he F TO=0+-100 CASAS C4-1/8-T0-1962- 
A4RSS O72 0279 ; R 3.16K 1A, Pr The d+ 100 PASTAS C4 °1/8-T0-31461 
A4RS4A DGIB—3S1LS9 @) IR 26.4K 1% .125W F TC=0+-100 C4546 C4-1/8-T0-26128- 
A4RSS VOB3—1S5S RY DR 1M Sk W2SW Fe TSO Oe/ ai 00 bie lp er | CRISSS 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Model 435B 


Reference 
Designation 


AAR SS 
AARS7 
AAR SB 
AARSP 
A4RGO 


AARGI 
AAR OR 
A4RGS 
AAR OA 
AARGS 


AAR GOX 
A4R67 
ASR OB 
A4ARG9 
A4R70 


AYR 1 
AARTZ2 
A4R7S 
AART4 
A4aR7S 


AAR 76 
AAR77 
AAR 7S 
AAR7T9 
AARGBO 


A4RB1 
A4RB2 


A4RTL 


A4TP 1 
A4TP2 
AATPS 
A4STP4 
AATPS 


AATPS 
ATP? 
A4TPS 
AATPD 
A4TPI1O 


AATPT1 
A4TP12 


A4U1 
A4U2 
A4AUS 
AAU4 
A4US 


A4UG 
A4AU7 


A4VRIK 
AGYURAX 
A4YRS 
AAYR4A 
AAYRS 


AAYRE 
A4aW1 
A4AI 
A4AIC1 
AXAICA 
A4H8103 
A4AICS 
A4A1CR1 
A4A1LKI 
A4A 191 
A4AIR I 
A4A1IR2 


A4AIRS 
A4ALR4A 


HP Part 
Number 


0757-0442 
0757-0441 
Q757- ieee 
0498-315 

1698- 3162 


0757-1094 
0698-3449 
0757-0442 
0757-0442 
0757-0403 


0498-3453 
06938-0084 
0678-0083 
0683-3355 
O237- 0279 


0757-0442 
0698-3160 
0757-0274 
06298-3440 
0498-3158 


2100-1738 
0757-0401 
0757-0442 
0757-0442 
0698-3442 


0797-0428 
0757-0428 


0839-0011 
4330-0145 


51-0600 


1-0600 
1-0600 
abies 


0600 


251-0600 
1251-0600 
1826-0013 
1826-0013 
1626-0013 
1826-0092 
1826-0013 


1826~ Rane 
1820-005 


1902-3182 
1902-0184 


1902-3416 
00435-60013 


00435-60010 


Table 6-2. Replaceable Parts 


ESTSTOR- 


STOR 


RE GISTOR 


RESISTOR 
RESISTOR 


Description 


Ab, AK 


1.47K 
aa, 7K 
LOK 41% 
10K 1% 
121 1% 


L9POK AK 
2.15K 1% 
Ti%ak 1% 
3.3M 4% 
16K 1% 


10K 1% 
31, 6K 


TRMR LOK 
100 14 .1 
10K 1% 

1OK 1% 41 
R37 1K 4 


1.428K 1% 
1.62K 12 


 TC=0 100 
+100 

04100 

F TC=0+~100 
TO=0+~100 


bile og 
=e 100 


P TCs =0+-100 


TC#O04~100 
125W F TC=0+- 
6125W F OT 

25 EG iG 
1125W F 


F TC=04+—100 
TC=04+~100 
F TC=04+-100 


enften 


10% 0 TOP-ADT 1-TRN 


as : O+-100 

; 0+ -100 
eS TO=0+-100 
egw F Tl=0+-100 


TC=04+~100 
TCH=O04—100 


THERMISTOR DISC 100-OHM TOs-3,8%/0- 
INSULATOR: BEAD GLASS 


CONNECTOR~ 


CONNECTOR 


CONT 
CONT 
CONT 
. CONT 
CONT 


SGL. CONT 
CONT 
CONT 
CONT 

dL. CONT 


CONNECTOR -f 


> OP AMP 
LC OP AMP 
” OP AMP 
Tl OP AMP 
OP AMP 
Ic OP AMP 
rc oP AMP 


DINDE~ZNR 


DIODE~Z 


DLODE- 


LOW-NC 
GP DUAL 
LOW=-NOLS 


LOW-NOTS 
GP TO-99 


mK 
wh 
bs 
am 
SA 


. DO=7 PD= 


PIN 
PIN 
PIN 
PULN 
PIN 


PTN 
PIN 1, 
PIN 
PIN 
PIN 


PIN 
PIN 


E TO-89 PKG 
TO-9? PKG 

E TO-99 PKG 

TO-99 PKG 

E TO 85" PKG 


BE 10-99 PKG 
PKG 


DO~ Z PD=,4W Tl=-, 


AW TOs 
POs, 4 
In SS Pe, 4W 
DOW SS PDs, aW 


AW TCs4 


CABLE GRAY SHIELDED, 2-CONDUCTOR 


AUTO ZERO 


NSR, PART 
NSR, PART 
NSR, PART 
NSR, PART 


NSR, PART 
NSR, PART 
SR, PART 
NSR, PART 
GR, PART 


NGR, PART 
NSR, PART 


ASSEMBLY 


OF A4AT 
Or A4At 
OF A4&Al 
OF A4A1 


ASSEMBLY 


ASSEMBLY 


ASSEMBLY 


DEG 


97 G% 


O7&K 


082% 


BASAL 
P4546 


PASAG 
PRAMAS 
PANAG 
ec te ) 
24S4S 
24546 


BANGS 
CASAS 


DASAG 
CASAS 


24546 
PAGAL 


28400 
29480 
2R4Ho 
28480 
28480 
28480 
OB480 


23480 


2B 480 


23480 
94665 


06665 
@A0 4G 


28480 
28480 
284030 


28486 


See introduction to this section for ordering information 
*Indicates factory selected value 


Replaceable Parts 


Mfr Part Number 


C4=1/8-T0- 825 1—F 
R41 /B=TO- 1621 =F 
C41 /8=T0- 4641 —F 
S41 / 8-10-4642 F 


C4-1/8-T0-1471-F 
C4—1/8-T0-2872-F 
C4-1/8-T0-1002-F 
C4-1/8-T0~1002—F 
C4=1/8-T0-121R oF 


4-1 /B=TO-1963~ 
4=1/8~T0 id 
C4-1/B-TO-1961 -F 

CH3355 
C41/8-T0-3161-F 


C41 /B-T0—1008-F 
C4-1/8-T0-3162-F 
C4-1/8-TO-1211-F 
C41 /B=TO-196R oF 
C4-1/8-T0-2372-F 


B2PR10K 
C4-1/8=T0101-F 
C4~1/8~T0-1002~F 
C4-1/8-T0-1002~ 
C4-1/8-TO-237R 


C44 /8-T0-1621-F 
C4-1/8=TO-1621 =F 


0829-0011 
ASS0-0145 


51-0600 
PSA1-0600 


1251-0600 
0800 
~0600 

-0600 


0600 
-0600 


$9874 107 

TOA 2709V 
1902-3008 
1908-3005 
1902-0041 
1900-3182 
1902-0184 


LODE 3416 
GOA SS 60013 


00435-60019 


Replaceable Parts Model 4385B 


Table 6-2. Replaceable Parts 


Reference 
Designation 


ASYR 1 


AW. 


AGXAA 


HP Part 
Number 


00435-60034 
0180-0374 


13898 
I1~3898 


1820-1971 
1820-1971 


1902-3082 
$120 


Baw 


0960 


Description 


MOTHER BOARD 

CAPACTTOR=-FXD LOUF+-10% 2@0UD0 TA 
NSR, PART OF ASW 

CONNECTOR 1O0-PTIN M POST TYPE 
CONNECTOR 10-PIN M POST TYPE 


NSR, PART OF ASWH 
NSR, PART OF ASW 


28.480 


Oe gg? 


28480 
2R4B0 


SO.605K 01 /OSW PHW TC=0b 10 14140 


968 v1 « PW TO=04+—10 


cal é i] LOS PAI T 
05 
OW 


B-STP10.0K OM xX 7 


abel yds ET 04-100 
Al TOxO+-100 


TC SWITCH ANLG QUAD 16-DTP-P PKG 
IC SWITCH ANLG QUAD 16-DIP-P PKG 


DIODE -ZNR 4,64) SX 00-35 PD, 4W 


CABLE ASSY CINCL ASTL, ASP 1 AND ASP) 


CONNECTOR@ PC EDGE 22 -CONT/ROW 2-ROWS 


POWER MODULE ASSEMELY=JADE GRAY 


14146 
14140 
14140 
14140 


01121 


2848 0 


20490 


28480 


PD4B0 


Mfr Part Number 


00435-60034 


L50D1L06X9020R2 


1409--) SO6LSR 
LAR 

1409-1 

1L409-- 

14094 

ENRALOS 

C4 1/8 «TO 1002°F 
C44 /8-TI-1002-F 
DOLOWST 
1902-3082 

BLN 3230 


VASt=aTy 


0960--044% 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Model 435B 


HP Part 
Number 


Reference 
Designation 


“09% 


ASS) 
10434 
0234 


0040 


0118 
“0118 


1120-15413 


0370-1099 
“60030 
OO001% 

1148 

0450-0149 

0370-1094 

3030-0332 
00435-00012 


0590-050% 


2190 003¢ 


= he 


= 


Table 6-2. Replaceable Parts 


Description 


CHASSIS PARTS 


BATTERY 28.84 1,2A-HR NI-CD POST 
(OPTION 001 ONLY) 


CAPAGTTOR=FXD .022 UF 
LENS ASSY<PUSHBUTTON TRANSLUCENT WHITE 


FUSE .1A 250V TD 1.2@5X%,25 UL 
(FOR 100,120 VAC OPERATION) 

: OY TD Laax, 23 
VAC OPERATION > 


NSR, PART OF SE AND MPS 
NSR, PART OF W3, SE PS AND MPS 
CONNECTOR RE BNC FEM SGLo-HOLS K 
CONNECTOR -RE 
N5R, PART OF 


3 0-OhM 
i 4 Y 0 OHM 
AND MPS 


NSR, PART OF AND MP6 


4,50-TN; IMA FSD; LINEAR; TAUT 
KNOB (CAL FACTOR SWITCH) 


KNOR<-SKTIRTED, JADE GRAY (RANGE SWITCH) 
g R CELACK 3 THREADED > 


SOR Et edo « O94-TN-LG CUP=PT Sot 
KNOG SKIRT, BLACK 


NUT KNRED@R S/8-24-THD . Les IN] THK 


IN ,818-IN-TD 


28480 


25480 


28480 


71400 


PBA4ABD 


23460 
2B 400 


29480 


20430 
28430 
20480 
25480 
28490 
2848 0 
00000 
29480 


90000 


See introduction to this section for ordering information 


*Indicates factory selected value 


Replaceable Parts 


Mfr Part Number 


1420-0096 


0160-4854 
B1B1-0434 
MDL. 1/10, 


2110-0040 


bande poh) 
=O278 


1120-1513 
0370-1099 
00435-60030 


“00013 
0148 


ORDER BY DESCRIPTION 
00435-00012 


ORDER BY DESCRIPTION 


2190-0036 
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Replaceable Parts 


Reference 
Designation 


MP? 
MP8 
MP 
MI 10 
MP Ad 
MI 12 
MPS 
MP 14 
MP15 
MP 16 


MPL? 
MP 18 
MP19 
MP 20 


MP 21 
MP2 


MP 29 
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HP Part 
Number 


00015 
00019 
ne 


( “O0014 
0403-0131 
5060-0703 


0043500 
IO 80—0727 
ADF 


“D031 


a7 00 
0027 


“0192 
~O194 


“LAS4 
~O116 
~0120 
U590-0052 
0570-0039 


Table 6-2. Replaceable Parts 


Description 


baie | 
PANEL FRONT 
‘RONT PANEL 


TM THIRD MODULE 
TOH 


(062 ED THKNS 


S POWER 
VERD MODULE 


PLD FOR 638 De HOLE NY, 


XCIEPT OPTION 002 AND O02 


TULT STAND 2. 236-IN-W 4,438-TN-OA-LG SST 


(GPS De AGLI NY, 


: IPT) zy 
WMACH G32, NeLG 100 DEL 
EWeMACH 6°32 .312-INWLG 100 DEG 
PALA THe WD 4 TNL AL 
; 2-TNe LG 82 DIG 
2 82 DEG 


ST. 


MP 16 


SSSSSSSS8sggsg 


Q 
0 
OQ 
Q 
Q 
iy 
OQ 
0 
0 


MP12 MP14 MP13 


MP27 
MP21 


Figure 6-1. Cabinet Parts, Exploded View 


Model 435B 


B8-00019 
Be 
“00018 


NN4 3500018 
SOHO 0727 
S960-0074 


8480 1490-0034 


24050 2040-0700 
PR4E0 &PSN-O02?7 


O0000 ORGER BY DEGCRIPT TON 
Ho0o9 ORDER BY DESCRIPTION 


B43 0 PALRD TAS4 
09000 ORDER BY DIESER 
ORDER BY DESC 
NSP0-0008 
V7 0-908 


* ALL SIDE SCREWS 
ARE THE SAME. 


MP 16 
MP26* 


See introduction to this section for ordering information 


*Indicates factory selected value 


Model 435B 


HP Part 
Number 


Reference 
Designation 


0360-0042 
00435-00009 
2360-0115 
7120-3738 
00432-0014 
2460-0116 
3050-0253 
1291-3537 
1251-3966 
1251-3537 
1251-3966 


1250-0665 


2100-3797 
0757-0459 


3101-2055 
3131-0439 
3101-0415 


9100-0424 
2360-0115 
0043560 037 
1251-3362 
00436-20014 
00435-60038 
00435-60041 
8120-2260 
8120-2661 
8120-2262 
8120-2263 
B120-2264 
3120-2265 
8120-1378 
00435-60039 


1291-3362 
00436-20014 


00435-60032 


Table 6-2. Replaceable Parts 


Description 


TERMINAL -SLOR LUG PLeMTG FOR<#6—SOR 
BATTERY (OPT, 001 ONLY) 
be .S1R—TN-LG PAN-HO-POZT 
CWARNING "HIGH VOLTAGE" > 
ES BRACKET 
SCREW MACH 6—32 .31@-IN=-LG 82 DEG 


WASHER<SPR CRYD NO, 10 ,195-IN=TD 


TOR-RF SMC FEM UNMTD S0--°GhMM 
(PART OF W3 OR W9) 


ADT 22-TRN 


NSR, P/O We 
“PUSHBUTTON SPDT (ZERO) 
HBUT TON 
HSL DPDT MINTR .SA 125VAC/DG 
ER REP, Sut TCH) 


TRANSFORMER-POWER 100/120/220/7240V 
SCREW MACH 6-32 .312-IN-LG PAN-HD -POZT 


CONNECTOR ASSEMELY-RF INPUT 

CINCL J1-OMITTED ON OPT, 003) 
NUT-AUDTO CONN 

WASHER-CONNECTOR MOUNT 

CABLE ASSY-PRT PW CINCL. Si & R®) 


CABLE-RF OSCILLATOR CINCL, TR & P10 
OMITTED ON OPT. 903) 
CABLE-POWER SENSOR 15,2 METRES 
COPTION 011 ONLY) 
i DENSOR 30.5 METRES 
o ONLY) 
CABLE POWER -NSOR 61 METRES 
COPTION 013 ONLY) 
CABLE-POWER SENSOR 1.5 METRES (STD, ) 
COMTT ON OPT, 009,010,011,012 AND 013) 
CABLE -POWER GSENGOR 3.1 METRES 
COPTION 009 ONLY) 
CARI POWER SENSOR 6,1 METRES 
COPTION 010 ONLY) 
CABLE ASSY 18AWG 3-CNDCT IGK=IKT 


CONNECTOR ASSEMBLY-RF INPUT 
NUT-AUDTO CONN 
WASHER-CONNECTOR MOUNT 

NOT ASSIGNED 

NOT ASSIGNED 


CABLE RF OSCILLATOR CINCL, J6 & P1QO; 
OPT. 093 ONLY) 


28480 
29490 
00000 
28490 
29480 
90000 
23430 
28480 
28480 
23480 
28480 


28480 


32997 
O43 4b 


28480 
28480 
28400 


28480 
oo0000 
2843.0 
20480 
23480 
28480 
28480 
28480 
28480 
2348 0 
28480 
23480 
28480 
2848 0 
25480 


23480 
28480 


Replaceable Parts 


Mfr Part Number 


0360-0042 
00425-00009 

ORDER BY DESCRIPTION 
7120-3738 

00432-0011 

ORDER BY DESCRIPTION 
SOS0-0253 

LOS 1-337 

: 13966 

1251-3537 

1251-3966 


250-0665 


305 9S—1-103M 
C41 /8=TO 6 20—F 


3101~-2055 
3131-0439 
SID1L-0415 


9100-0404 
ORDER BY DESCRIPTION 
00435-60037 
1251-3362 
00436-20014 
NV435-60038 
00435-60041 
8120-2260 
8120-2661 
8120-2262 
8120-2263 


BILL 2e64 


8120-1378 
00 1 HV 039 


1241-3362 


00436-20014 


NO435-600 52 


See introduction to this section for ordering information 
*Indicates factory selected value 
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Replaceable Parts Model 435B 


Table 6-3. Code List of Manufacturers’ 


Manufacturer Name Address Zip Code 


00000 
01121 

01295 
02111 

03508 
04713 
06668 


Sere 
56289 
74400 
73138 


6-12 


ANY SATISFACTORY SUPPLIER 
ALA-EN“BRADILEY CO 
TEXAS INSTR INC SEMICOND CMPNT DIV 
SPECTROL LECTRON! CORP 
: NDUCTOR PROD DEPT 
PRODUCTS 
INC 
“EDISON 
SIL ICONTX INC 
MEPCO/ELECTRA CORP 
MICRO-OHM CORP 
TRANSIT TRON ELECTRONIC CORP 
CORNING GLASS WORKS CBRADFORD) 
HEWLETT-PACKARR CO CORPORATE HO 
RCA CORP SOLID STATE DLY 
BOURNS ING TRIMPOT PROD DIV 
SPRAGUE ELECTRIC CO 
BUSSMAN > DIV OF MCGRAW-EDISON CO 
BECKMAN INSTRUMENTS ING HELTPOT DIV 


MILWALIKEE 
DALLAS 

CITY OF TND 
AUBURN 
PHOENIX 

SANTA CIARA 
MANCHESTER 
SANTA CLARA 
MINERAL WELLS 
Sh. MONTE 


ST LOUIS 
FULLER TON 


01880 
167014 
94ASVA4 


P2507 
01247 
63107 
PRES 


Model 435B 


Manual Changes 


SECTION VII 
MANUAL CHANGES 


7-1. INTRODUCTION 


This section contains instructions for backdating 
this manual for HP Model 435B Power Meters that 
have serial number prefixes that are lower than 
the prefix listed on the title page. 


7-2. MANUAL CHANGES 


To adapt this manual to your instrument, refer to 
Table 7-1 and make all of the manual changes 


listed opposite your instrument’s serial number or 
prefix. 


If your instrument’s serial number or prefix is not 
listed on the title page of this manual or in Table 
7-1, it may be documented in a yellow MANUAL 
CHANGES supplement. For additional important 
information about serial number coverage, refer to 
INSTRUMENTS COVERED BY MANUAL in 
Section I. 


Table 7-1. Manual Changes by Serial Number 


7-3. Manual Change Instructions 


CHANGE A 


Table 6-2: 
Add the following capacitors: 


Serial Prefix or Number Make Manual Changes 
ET 


A4C31-33, 40-47 and 50 0160-3879 CD7 CAPACITOR-FXD .01 uF +20% 100 VDC CER 28480 0160-3879. 
A4C34-37, 48-49 0160-3877 CD5 CAPACITOR-FXD 100 pF +20% 200 VDC CER 28480 0160-3877. 
A4C38 0160-4306 CD7 CAPACITOR-FXD 100 pF +10% 100 VDC CER 51959 0805C 101K3P. 


Service Sheet 2 (schematic): 


On theJ1 and J5 Connector Assemblies (left side of service sheet) add a capacitor from each pin (C, D, E, L) 


to ground. 


Add the following capacitors on the A4 Assembly (left side of schematic): 


C31 0.01 uF between pins 5 and 6 of U4B. 

C32 0.01 uF from pin 3 of U1 to -12 volts. 

C33 0.1 uF from pin 4 of U1 to +12 volts. 

C38 100 pF between pins 2 and 3 of U1. 

C50 0.01 uF from pin 7 of U1 to ground 1 ( VY 1, 


Add the following capacitors on the A4 Assembly (center of schematic): 


C36 100 pF between pins 3 and 2 of U2. 
C42 0.01 uF from pin 7 of U2 to ground 3 ( Vv ) 
C43 0.01 pF from pin 7 of U3 to ground 3 ( VW ‘e 
C44 0.01 uF from pin 4 of U2 to ground 3 ( VW Ns 
C45 0.01 uF from pin 4 of U8 to ground 3 ( (vy 3 
C48 100 pF between pins 2 and 3 of U3. 
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Manual Changes 


CHANGE A (contd) 
Service Sheet 2 (schematic) (cont’d): 


Add the following capacitors on the A4 Assembly (right side of schematic): 


C34 100 pF between the drain (D) and source (S) of Q7. 
C35 100 pF from the source (S) of Q7 to ground 2 ( 7 ). 
C40 0.01 uF from pin 8 of U4A to ground 1 ( VY Me 

C41 0.01 »F from pin 4 of U4A to ground 1 ( Vv ). 

C49 100 pF between pins 2 and 3 of U4A. 


Service Sheet 3 (schematic): 

Add the following capacitors on the A4 Assembly (center of schematic): 
C37 100 pF between pins 2 and 3 of U5. 
C46 0.01 uF from pin 7 of U5 to ground. 
C47 0.01 uF from pin 4 of U5 to ground. 
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Model 435B 


Model 435B 


Service 


SECTION VIII 
SERVICE 


8-1. INTRODUCTION 


Service information is provided in this section. 
General service information relates to troubleshoot- 
ing. Repair information relates to performance 
testing and adjustments after repairs are made. 
Each service sheet includes principles of operation 
and troubleshooting information, a component 
location diagram and a schematic diagram. 


The last foldout in the manual shows the location 
of each assembly, chassis mounted component 
and adjustable component. 


8-2. SAFETY CONSIDERATIONS 


Although this instrument has been designed in 
accordance with international safety standards, 
this manual contains information, cautions and 
warnings which must be followed to avoid per- 
sonal injury and damage to the instrument (see 
Sections II, III, and V). Service and adjustments 
should be performed only by qualified service 


personnel. 
WARNINGS 


Any interruption of the protective 
(grounding) conductor (inside or outside 
the instrument) or disconnection of the 
protective earth terminal is likely to 
make the instrument dangerous. Inten- 
tional interruption is prohibited. 


Maintenance described herein is per- 
formed with power supplied to the instru- 
ment and with the protective covers 
removed. Such maintenance should be 
performed only by service-trained per- 
sonnel who are aware of the hazards 
involved (for example, fire and electrical 
shock). Where maintenance can be per- 
formed without power supplied, the 
power should be removed. 


Capacitors inside the instrument may 
still be charged even if the instrument 
has been disconnected from its source of 


supply. 


For continued protection against fire 
hazard, replace the line fuse only witha 
250V fuse of the same current rating and 
type (for example, slow blow, time delay, 
etc.). Do not use repaired fuses or short 
circuited fuseholders. 


Whenever it is likely that this protection 
has been impaired, the instrument must 
be made inoperative and be secured 
against any unintended operation. 


The service information is often used 
with power supplied and protective 
covers removed from the instrument. 
Energy available at many points may, if 
contacted, result in personal injury. 


8-3. SERVICE SHEETS 


Each service sheet normally includes principles of 
operation and troubleshooting information, a com- 
ponent location diagram and a schematic, all of 
which apply to a specific portion of circuitry 
within the instrument. 


Service Sheet 1 includes an overview of the instru- 
ment operation, troubleshooting on an assembly 
or stage level and a troubleshooting block dia- 
gram. The block diagram also serves as an “index’”’ 
for the other service sheets. 


The Schematic Diagram Notes, Figure 8-5, aid in 
interpreting the schematics. 


8-4. Principles of Operation 


The operation of the circuitry shown by the sche- 
matic diagram is explained in the Principles of 
Operation. This information is outlined by using 
assembly and stage names. These names also 
separate circuit areas on the schematic diagrams. 


8-5. Troubleshooting 


This information is in the form of hints and sug- 
gestions pertaining to problems one may encoun- 
ter while troubleshooting the Power Meter. The 
troubleshooting information is located on the left- 
hand foldout of the service sheet following the 
Principles of Operation. 
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Service 


Troubleshooting (Cont'd) 


On Service Sheet 1, a malfunction is isolated to an 
assembly or stage. After turning to the appropri- 
ate service sheet, troubleshooting continues on a 
stage and/or component level. 


DC voltages and, in some cases, ac voltages and 
waveforms are included on the schematics. Test 
points are physically located on printed circuit 


Model 435B 


boards and have assigned reference designators 
and symbols on the schematics. The waveforms 
and/or voltages refer to the test points and other 
important circuit junctions. 


A circuit board extender, which provides easy 
access for troubleshooting, is shown in Figure 8-1. 
The extender may be ordered through your nearest 
HP office. Refer to Equipment Available in Sec- 
tion I. 


Figure 8-1. A4 Assembly Extended for Service 
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Model 435B 


8-6. RECOMMENDED TEST EQUIPMENT 


Equipment recommended in Table 1-2 should be 
used for testing and troubleshooting the Power 
Meter to ensure that it is operating within the 
specifications listed in Table 1-1. Test equipment 
that meets or exceeds the critical specifications 
listed may be used in place of recommended 
equipment. 


8-7. REPAIR 


After repairing any circuitry within the Power 
Meter, refer to Section V and perform the 
adjustments. 


Perform the tests in Section IV to ensure that the 
instrument is operating within the specified 
limits. 


NOTE 


If the A3 Power Reference Assembly is 
repaired, see the Power Reference Out- 
put test in Section IV for instructions on 
setting the power output level. 


8-8. GENERAL SERVICE INFORMATION 
8-9. Etched Circuit Boards 


The etched circuit boards used in Hewlett-Packard 
equipment are the plated-through type consisting 
of metallic conductors bonded to both sides of an 
insulating material. The metallic conductors are 
extended through the component holes or inter- 
connect holes by a plating process. Soldering can 
be performed on either side of the board with 
equally good results. Table 8-1 lists reeommended 
tools and materials for use in repairing etched 
circuit boards. Following are recommendations 
and precautions pertinent to etched circuit repair 
work. 


a. Avoid unnecessary component substitution; 
it can result in damage to the circuit board and/or 
adjacent components. 


b. Do not use a high power soldering iron on 
etched circuit boards. Excessive heat may lift a 
conductor or damage the board or a component. 


CAUTION 


Do not use a sharp metal object such as 
an awl or twist drill to remove solder 


Service 


from component mounting holes. Sharp 
objects may damage the plated-through 
conductor. 


c. Useasuction device or wooden toothpick to 
remove solder from component mounting holes. 


d. After soldering, remove excess flux from the 
soldered areas and apply a protective coating to 
prevent contamination and corrosion. 


8-10. Component Replacement 


The following procedures are recommended when 
component replacement is necessary: 


a. Remove defective component from board. 


b. Ifcomponent was unsoldered, remove solder 
from mounting holes with a suction device or a 
wooden toothpick. 


c. Shape leads of replacement component to 
match mounting hole spacing. 


NOTE 


Although not recommended when both 
sides of the circuit board are accessible, 
axial lead components such as resistors 
and tubular capacitors can be replaced 
without unsoldering. Clip leads near 
body or defective component, remove 
component and straighten leads left in 
board. Wrap leads of replacement com- 
ponent one turn around original leads. 
Solder wrapped connection and clip off 
excess lead. 


d. Insert component leads into mounting holes 
and position component as original was posi- 
tioned. Do not force leads into mounting holes; 
sharp lead ends may damage the plated-through 
conductor. 


8-11. Operational Amplifiers 


The source of gain in an operational amplifier can 
be characterized as an ideal, differential voltage 
amplifier having low output impedance, high in- 
put impedance, and very high differential gain. 
The output of an operational amplifier is propor- 
tional to the difference in the voltages applied to 
the two input terminals. In use, the amplifier out- 
put drives the input voltage difference close to zero 
through a feedback path. 
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Soldering tool 


Soldering tip* 


De-soldering 
Aid 


Resin (flux) 


Table 8-1. Etched Circuit Soldering Equipment 


Soldering 
Unsoldering 


Soldering 
Unsoldering 


To remove molten solder 
from connection 


Remove excess flux from 
soldered area before 
application of protective 


Wattage rating: 47%—56” 
Tip Temp: 850—900 degrees 


*Shape: pointed 


Suction device 


Must not dissolve etched cir- 
cuit base board material or 
conductor bonding agent. 


Model 435B 


Ungar No. 776 handle with 
*Ungar No. 4037 Heating 
Unit 


*Ungar No. PL111 
Soldapult by Edsyn Co. 
Arleta, California 
Freon, Aceton, Lacquer 


Thinner, Isopropyl Alcohol 
(100% dry) 


coating. 
Solder Component replacement 
Circuit board repair 
Wiring 


Contamination, 
corrosion protection 


Protective 
coating 


Good electrical insulation, 
corrosion-prevention properties 


Resin (flux) core, high tin 
content (60/40 tin/lead), 
18 gauge (SWG) preferred 


Silicone Resin such as 
GE DRI-FILM**88 


*For working on etched boards; for general purpose work, use Ungar No. 1237 Heating Unit (37.5W, tip temperature of 750—800 degrees) and 


Ungar No. PL113, 1/8 inch chisel tip. 


**General Electric Co., Silicone Products Dept., Waterford, New York, U.S.A. 


Operational Amplifiers (Cont’d) 

When troubleshooting an operational amplifier cir- 
cuit, measure the voltages at the two inputs; the 
difference between these voltages should be less 
than 10 mV. (Note: This troubleshooting procedure 
will not work for operational amplifiers which are 
configured as comparators.) A difference voltage 
much greater than 10 mV indicates trouble in the 
amplifier or its external circuitry. Usually, this dif- 
ference will be several volts and one of the inputs 
will be very close to one of the supply voltages (e.g., 
+i1ZV or -12V). 


Next, check the amplifier’s output voltage. It will 
probably also be close to one of the supply voltages 
(e.g., ground, +12V, or -12V). Check to see that the 
output conforms to the inputs. For example, if the 
inverting input is more positive than the non- 
inverting input, the output should be negative; if 
the non-inverting input is more positive than the 
inverting input, the output should be positive. Ifthe 
output conforms to the inputs, check the amplifier’s 
external circuitry. If the amplifier’s output does not 
conform to its inputs, it is probably defective. 
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Figures 8-2, 8-3, and 8-4 show typical operational 
amplifier configurations. Figure 8-2 shows a non- 
inverting buffer amplifier with a gain of 1. Figure 
8-3 1s a non-inverting amplifier with gain deter- 
minded by R1 and R2. Figure 8-4 is an inverting 
amplifier with a gain determined by R1 and R2. 


OUTPUT 


INPUT IMPEDANCE-VERY HIGH 
OUTPUT IMPEDANCE-VERY LOW 


Figure 8-2. Non-Inverting Amplifier (Gain = 1) 


Model 435B Service 


OUTPUT 
wi 


OUTPUT 


R2 


INPUT IMPEDANCE — VERY HIGH 
OUTPUT IMPEDANCE — VERY LOW 


INPUT IMPEDANCE — R2 
OUTPUT IMPEDANCE — VERY LOW 


Figure 8-3. Non-Inverting Amplifier (Gain = 1 + Ry/Rg) Figure 8-4. Inverting Amplifier (Gain = -Ry/Rg) 


SCHEMATIC DIAGRAM NOTES 
SWITCH DESIGNATIONS 


EXAMPLE: A3S1AR(2-1/2) 


A3S1 = SWITCH S1 WITHIN 
ASSEMBLY A3 


A= 1ST WAFER FROM 
FRONT (A=1ST, ETC) 


R = REAR OF WAFER 
(F=FRONT) 


(2-1/2) = TERMINAL LOCATION 
(2-1/2) (VIEWED FROM 
FRONT) 


Figure 8-5. Schematic Diagram Notes (1 of 3) 
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SCHEMATIC DIAGRAM NOTES 
Asterisk denotes a factory-selected value. Value shown is typical. Part 
might be omitted. 
Tool-aided adjustment. © Manual control. 
Encloses front-panel designation. 
Encloses rear-panel designation. 
Circuit assembly borderline. 


Other assembly borderline. Also used to indicate mechanical intercon- 
nection (ganging). 


Heavy line with arrows indicates path and direction of main signal. 


Heavy dashed line with arrows indicates path and direction of main 
feedback. 


Wiper moves toward CW with clockwise rotation of control (as viewed 
from shaft or knob). 


No measurement 
aid provided. 


Measurement aid 
provided. 


Numbered Test point. g Lettered Test point. 


Encloses wire color code. Code used is the same as the resistor color code. 
First number identifies the base color, second number identifies the wider 
stripe, third number identifies the narrower stripe. Eg., denotes 
white base, yellow wide stripe, violet narrow stripe. 


A direct conducting connection to the earth, or a conducting connection 
to a structure that has a similar function (e.g., the frame of an air, sea or 
land vehicle). 

A conducting connection to a chassis or frame. 


Common connections. All like-designated points are connected. 


Letter = off-page connection. 
Number = Service Sheet number for off-page connection. 


= pereiian Bilateral switch — acts as an on/off switch to analog signals when the 
Ae (cmos) input marked F is active. 


Figure 8-5. Schematic Diagram Notes (2 of 3) 
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Test point symbols. Stars are numbered or lettered for easy correlation 


of schematic diagrams, procedures, and locator illustrations. 


Arrow connecting star to meas- 


urement point signifies no 
measuring aid provided. 


Assembly part number 


Assembly name 


Assembly designation 


x 


Stage name a 


provided. 


Star shown connected to 
circuit signifies measuring aid 
(metal post, circuit pad, etc.) 


Service 


Interconnection information. 


Circled letter indicates circuit 
path continues on another 
schematic diagram. Look for 
same circled letter on service 
sheet indicated by adjacent 
bold number (3, in this 
example). 


Plug-in connection information. 
Socket designation for A2 assembly. 


Number indicates 


pin of socket (XA2),. 


Serre 


A2 DC REGULATOR ASSY (08708-60007) 


SERIES 
mm REGULATOR Sim 


Ql 
1854-0071 


Circuit board common 


Dagger indicates 
circuit change. See 
section VII. 


Conducting connection 
to chassis or frame. 


Asterisk indicates factory 


REFERENCE DESIGNATIONS WI 
ASSEMBLIES ARE ABBREVIAT 
CLUDES ASSEMBLY NUMBER 
1S AIR) 
COMPLETE AS SHOWN 


Connector symbols within the 
borderlines of circuit assemb- 

lies signify connections to the 
assembly which are separate from 
those made through the integral 
plug part of the assembly. 


selected components. (See 


section V). 


Value selected for best operation. 
Value shown is average or most 


commonly selected value. 


Wire color code. Code used (MIL-STD-681) is the 
same as the resistor color code. First number 
identifies the base color, second number the wider 
stripe, and the third number the narrower stripe. 


denotes white base, yellow 
wide stripe, violet narrow stripe. 


Example: 947 


Reference designators deleted 
by circuit changes are listed 
here. 


List of all the reference desig- 
nations on the diagram. 


Figure 8-5. Schematic Diagram Notes (3 of 3) 


J3 not mounted 
on assembly A2. 


THIN OUTLINED ——--—— 
ED FULL DESIGNATION IN 
eg. Rl OF ASSEMBLY Al 


DESIGNATIONS OF OTHER COMPONENTS ARE 


Non-plug-in 
connection 
information. 
Solder point 
named. 


REFERENCE DESIGNATION 


NO PREFIX A2 ASSY 


A2 Cl 
J3 Ql 
XA2 Rl 


NOT ASSIGNED 


Assembly reference designator(s). 


Large numbers in lower right 
corners of schematic diagrams 
are service sheet numbers. 
They are provided for con- 
venience in tracing inter 
connections. 
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SERVICE SHEET 1 


PRINCIPLES OF OPERATION 


General 


The Power Meter and a compatible power sensor 
are used to measure RF power levels. For example, 
the power range of the HP Model 8481A is from -35 
to +20 dBm (=0.3 »W to 100 mW) into 500; the 
frequency range is from 10 MHz to 18 GHz. 


Power Sensor 


The power sensing device dissipates the input RF 
energy into 50 ohms and produces a dc voltage 
proportional to the power level. This dc voltage is 
sampled creating an ac signal which is coupled to 
the Input Amplifier for amplification. 


AC Amplifiers/Range Switch 


The ac signal is amplified by the power sensor’s 
Input Amplifier and the Power Meter’s First, 
Second and Third Amplifiers. The RANGE switch 
attenuators, which are placed between the First 
and Second and Second and Third amplifiers, are 
used to set the range-to-range gain of the Power 
Meter amplifiers. 


DC Circuits 


The Synchronous Detector converts the ac signal 
back to de. The output is coupled to the DC Ampli- 
fier via a Low Pass Filter network. The DC Amplli- 
fier drives the meter, the Servo Amplifier and pos- 
sibly an external device through the RECORDER 
OUTPUT jack. 


Servo Amplifier/Auto Zero 


The Servo Amplifier amplifies the DC Amplifier 
output. When the front panel ZERO switch is 
pressed, the Servo Amplifier output is connected to 
the Auto Zero circuits completing the automatic 
zeroing feedback loop. The Auto Zero dc output 
voltage (error signal) is added to the ambient 
temperature output of the power sensor’s power 
sensing device. The polarity of the error signal 
and the feedback loop gain force the DC Amplifier 
output to ground potential after five seconds. 
When the ZERO switch is released, the Auto Zero 
circuits hold the error signal constant. 


Power Reference Assembly 


The A3 Power Reference Assembly contains a 50 
MHz oscillator with an ALC loop capable of pro- 
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viding an exceptionally stable output level. The 
calibrated output is 1 mW +0.70% at 50 +5 MHz. 


Power Supply 


The Power Supply is a 24V series regulator with a 
shunt regulator coupled across the output. The 
shunt regulator places ground potential midway 
between the 24V potential difference thus provid- 
ing supply outputs of +12 and -12 Vdc. The battery 
charging and test circuits are automatically oper- 
ative with the battery installed. 


TROUBLESHOOTING 
General 


Before beginning to troubleshoot the Power Meter, 
remove the cover from the right side of the instru- 
ment and measure the power supply voltages at 
TP9 and TP10. 


When a malfunctioning component is isolated to 
an assembly or stage, refer to the appropriate Ser- 
vice Sheet for component level troubleshooting. 


Block Diagram Troubleshooting Conditions 


The waveforms and voltages shown are normal 
when operating under the following conditions. 


NOTE 


To exhibit the correct waveforms in the 
RANGE positions shown, the power 
sensor (as part of the measurement sys- 
tem) must measure power from —35 to 
+20 dBm (50 ). 


a. POWER METER AND SENSOR. Set the 
Power Meter’s RANGE switch to the 1 mW posi- 
tion, CAL FACTOR switch to 100% and the rear 
panel POWER REF switch to (ON). Connect the 
power sensor to the Power Meter’s POWER REF 
OUTPUT jack. 


b. POWER METER AND HP MODEL 11683A 
RANGE CALIBRATOR. Set the Power Meter’s 
RANGE switch to the 1 mW position and CAL 
FACTOR switch to 100%. Set the Range Cali- 
brator’s RANGE switch to 1 mW, POLARITY 
switch to NORMAL and FUNCTION switch to 
STANDBY. Connect the Range Calibrator to the 
Power Meter with the power sensor cable. Set the 
Range Calibrate FUNCTION switch to 
CALIBRATE. 


Model 435B 


| 


SERVICE SHEET 1 


AC Amplifiers 


If the waveform an¢ 
rect, it must be deter 
tion is in the Power 

Substitution will qu 
strument. If a spar 
range calibrator is n 
bleshooting informa 
Service Sheet 2. Als 

put (TP7 and TP8) o 
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An increased noise level may be caused by Cl, C6 or C30 line 
noise filters. 


Range-to-range inaccuracy between the 100 mW range and 
another range may be due to a shaping circuit defect. 


Range Switch 


Range-to-range inaccuracy which is caused by the RANGE 
switch attenuators can easily be isolated by performing one of the 
Instrumentation Accuracy Performance Tests (refer to Section 
IV). 


Third Amplifier 


Adjust the CAL ADJ control from its present setting to the ccw 
stop. Then adjust the control to the cw stop. The meter reading 
will normally change by +2 dB (>4 dB from stop to stop). The ac 
voltage at TP4 will change from the nominal setting to approxi- 
mately -35% (ccw stop) and +70% (cw stop). 


Synchronous Detector 


The phase change of the 220 Hz signal between the power sensor’s 
sampling gate and the Synchronous Detector cannot be mea- 
sured directly because the detector output is dc rather than ac. 
However, the phase difference at TP4 (the input to the detector 
circuit) can be measured. Because the phase change between TP4 
and the detector is known, the phase relationship between the 
drive signal (TP7) and the TP4 signal indicates the total phase 
shift through the ac amplifiers. This is the step-by-step procedure 
for checking phase shift. 


a. Set the Power Meter and (if used) the range calibrator con- 
trols as shown in the general troubleshooting information above. 


b. Connect the oscilloscope’s vertical inputs to the 220 Hz 
drive (TP7) through a divide-by-ten probe (Channel B) andto TP4 
through a one-to-one probe (Channel A). 


c. Setthe oscilloscope controls as follows: Channel A sensitiv- 
ity to 0.05V/division with ac coupling, Channel B sensitivity to 
0.2V/division, horizontal sweep to 0.5 ms/division and the dis- 
play mode to Channel A and B, chopped with triggering from B. 


d. Adjust the vertical position controls until both traces are 
symetrical with respect to the horizontal center line (refer to the 
typical waveform below). 


e. Set the time base magnifier control to X10. The horizontal 
scale is now 50 us/division (refer to the expanded waveform 


below). 
Troubleshooting : 
Block Diagram 
SERVICE SHEET 


Service 


SERVICE SHEET 1 


PRINCIPLES OF OPERATION 


General 


The Power Meter and a compatible power sensor 
are used to measure RF power levels. For example, 
the power range of the HP Model 8481A is from —35 
to +20 dBm (=0.3 »W to 100 mW) into 500; the 
frequency range is from 10 MHz to 18 GHz. 


Power Sensor 


The power sensing device dissipates the input RF 
energy into 50 ohms and produces a dc voltage 
proportional to the power level. This dc voltage is 
sampled creating an ac signal which is coupled to 
the Input Amplifier for amplification. 


AC Amplifiers/Range Switch 


The ac signal is amplified by the power sensor’s 
Input Amplifier and the Power Meter’s First, 
Second and Third Amplifiers. The RANGE switch 
attenuators, which are placed between the First 
and Second and Second and Third amplifiers, are 
used to set the range-to-range gain of the Power 
Meter amplifiers. 


DC Circuits 


The Synchronous Detector converts the ac signal 
back to de. The output is coupled to the DC Ampli- 
fier via a Low Pass Filter network. The DC Ampli- 
fier drives the meter, the Servo Amplifier and pos- 
sibly an external device through the RECORDER 
OUTPUT jack. 


Servo Amplifier/Auto Zero 


The Servo Amplifier amplifies the DC Amplifier 
output. When the front panel ZERO switch is 
pressed, the Servo Amplifier output is connected to 
the Auto Zero circuits completing the automatic 
zeroing feedback loop. The Auto Zero dc output 
voltage (error signal) is added to the ambient 
temperature output of the power sensor’s power 
sensing device. The polarity of the error signal 
and the feedback loop gain force the DC Amplifier 
output to ground potential after five seconds. 
When the ZERO switch is released, the Auto Zero 
circuits hold the error signal constant. 


Power Reference Assembly 


The A3 Power Reference Assembly contains a 50 
MHz oscillator with an ALC loop capable of pro- 
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viding an exceptionally stable output level. The 
calibrated output is 1 mW +0.70% at 50 +5 MHz. 


Power Supply 


The Power Supply is a 24V series regulator with a 
shunt regulator coupled across the output. The 
shunt regulator places ground potential midway 
between the 24V potential difference thus provid- 
ing supply outputs of +12 and-12 Vdc. The battery 
charging and test circuits are automatically oper- 
ative with the battery installed. 


TROUBLESHOOTING 
General 


Before beginning to troubleshoot the Power Meter, 
remove the cover from the right side of the instru- 
ment and measure the power supply voltages at 
TP9 and TP10. 


When a malfunctioning component is isolated to 
an assembly or stage, refer to the appropriate Ser- 
vice Sheet for component level troubleshooting. 


Block Diagram Troubleshooting Conditions 


The waveforms and voltages shown are normal 
when operating under the following conditions. 


NOTE 


To exhibit the correct waveforms in the 
RANGE positions shown, the power 
sensor (as part of the measurement sys- 
tem) must measure power from —35 to 
+20 dBm (50 0). 


a. POWER METER AND SENSOR. Set the 
Power Meter’s RANGE switch to the 1 mW posi- 
tion; CAL FACTOR switch to 100% and the rear 
panel POWER REF switch to (ON). Connect the 
power sensor to the Power Meter’s POWER REF 
OUTPUT jack. 


b. POWER METER AND HP MODEL 11683A 
RANGE CALIBRATOR. Set the Power Meter’s 
RANGE switch to the 1 mW position and CAL 
FACTOR switch to 100%. Set the Range Cali- 
brator’s RANGE switch to 1 mW, POLARITY 
switch to NORMAL and FUNCTION switch to 
STANDBY. Connect the Range Calibrator to the 
Power Meter with the power sensor cable. Set the 
Range Calibrate FUNCTION switch to 
CALIBRATE. 
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AC Amplifiers 


If the waveform and/or voltage at TP1 is incor- 
rect, it must be determined if the circuit malfunc- 
tion is in the Power Meter, power sensor or cable. 
Substitution will quickly isolate the defective in- 
strument. If a spare cable and power sensor or 
range calibrator is not available, refer to the trou- 
bleshooting information for the First Amplifier on 
Service Sheet 2. Also, check the multivibrator out- 
put (TP7 and TP8) of the Power Meter. 


Miscellaneous 


Voltages at TP4, 5, 6 and 12 are correct as shown 
for full-scale meter readings on any range. 


With a full scale input, on 1 mW range only, press- 
ing the front panel ZERO switch should producea 
meter reading of about 0.96. If the reading is incor- 
rect, refer to Section V and perform the adjust- 
ments. If the problem still exists, refer to Auto Zero 
circuit troubleshooting on Service Sheet 3. 


A noise problem evident as meter vibration may 
be due to defective components illustrated on Ser- 
vice Sheets 2, 3, or 4. ‘ 


Service 
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Figure 8-6. Troubleshooting Block Diagram 
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TYPICAL WAVEFORM 


Model 435B 


EXPANDED WAVEFORM 


Figure 8-7. Multivibrator/Detector Waveforms 


f. Set the Power Meter’s rear panel POWER 
REF switch to OFF or set the range calibrator’s 
EKUNCTION switch to STANDBY. With the oscil- 
loscope’s Channel A position control, set the trace 
representing a zero input at TP4 to the grid horiz- 
ontal center line. 


g. Set the Power Meter’s POWER REF switch 
to (ON) or set the range calibrator’s FUNCTION 
switch to CALIBRATE. The zero crossing of the 
Channel A (TP4) trace should lag the drive signal 
by 150 +75us. 


A5 ASSEMBLY 


NOTE: (J1) AND (XA4) ARE ON 
OPPOSITE SIDE OF BOARD 


Figure 8-8. A5 Mother Board Component Locations 


8-10 


Model 435B 


Figur 


SERVICE SHEET 3 (Cont’d) 


DC Amplifier and Servo Amplifier 


Measure the dc input and output voltages. Verify that the ampli- 
fier outputs respond properly to the inputs. For troubleshooting 
operational amplifiers refer to General Service Information in 
Section VIII. A Servo Amplifier problem will be evident only 
during the zeroing sequence. 


Auto Zero Assembly 


The normal value range of the offset error voltage at TPA is about 
-14 to +14 mVdc. The power sensing device normally exhibits a 
slight positive output due to ambient temperature, therefore, the 
normal correction voltage is slightly negative, hence —-4 mVdc. 


The voltage measured at TPB will provide an indication of how 
long the charge is retained on A4A1C1. The voltage should 
remain virtually unchanged (+1 mVdc) for 24 hours. 


If any component on the A4A1 assembly is found to be defective, 
the entire assembly must be replaced. 


Switch Assembly and AC Ampl/Sync Detector 
P/O A1 and P/O A4 
SERVICE SHEET 


SERVICE SHEET 2 
PRINCIPLES OF OPERATION 
General 


The RF input power coupled to the power sensor is dissipated by 
the load impedance of the power sensing device. The dc output of 
the power sensing device is converted to a 220 Hz ac signal by a 
sampling gate (chopper) circuit. The ac signal, which is propor- 
tional to the RF input, is amplified by tuned ac amplifiers in the 
power sensor and Power Meter. The Synchronous Detector con- 
verts the amplified 220 Hz ac signal back to a dc level which also 
is proportional to the RF input. 


The RANGE switch attenuator networks attenuate the ac signal 
for higher power inputs. This allows equal measurement resolu- 
tion for high and low power levels. The Synchronous Detector and 
a sampling gate circuit (in the power sensor) are driven in phase 
by the 220 Hz Multivibrator. 


A4U4B is connected as a voltage follower between the input 
signal ground and signal ground. This circuit ensures a min- 
imum voltage difference exists between the grounds thereby elim- 
inating the possibility of unreliable readings. High current flow, 
through the ground return of cables which are greater than 5 feet 
long, causes the voltage difference. 


First Amplifier 


The First Amplifier of the Power Meter and the power sensor’s 
amplifier stage form a low-noise high-gain hybrid operational 
amplifier (refer to the figure below). The ac gain is approximately 
750; dc bias is set by A4R1, R2, R6, R10 and R11. 


— POWER SENSOR a POWER METER ey 


+12 Vde 


SAMPLED AC 
INPUT 220 Hz 


SHAPING 
NETWORK 


POWER SENSOR CABLE 


Hybrid Operational Amplifier 
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Diodes A4CR1, CR2, VR1 and VR2 and their associated compo- 
nents are part of a shaping network which compensates for the 
non-linear output of the power sensor’s power sensing device. At 
RF inputs near the maximum power input (100 mW for Model 
8481A), the power sensing deviceis slightly more efficient and the 
hybrid amplifier’s gain is reduced slightly to provide an overall 
response that is linear. 


The combination of A4C5, R8 and R9 is one of three RC networks 
in the ac amplifiers which determine the high frequency cutoff 
(240 Hz) of the 220 +20 Hz bandpass. A4C1, C6 and C30 are line 
noise filters. 


Range Switch 


The RANGE switch and associated components on the A4 and A5 
assemblies form two separate attenuator networks and a low pass 
filter (the filter is shown and discussed on Service Sheet 3). 


With higher power RF inputs, relatively high voltages are 
coupled to the attenuator inputs. The higher the voltage the more 
it is attenuated, thus allowing for greater sensitivity needed for 
low power measurements while providing the needed resolution 
for each range. The various levels of attenuation permit ten usa- 
ble range positions from 3 uW to 100 mW (full scale). The follow- 
ing table shows the individual and combined effect of the attenu- 
ators on the ac signal. 


The bandpass of the ac amplifiers in the Power Meter is approxi- 
mately 220 +20 Hz. The lower cutoff frequency (200 Hz) is fixed by 
the combination of A4C7 with A5R1, A5R2 and A4R19; also 
A4R15 with A5R3, A5R4, A5R5 and A4R20. 


Attenuation 


Network #1 Network #2 
(A5R3, R4, RS 
R19) and A4R20) 


RANGE 


Position 


Switch (ASR, R2 and 
Ad 
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Second Amplifier 


A4U2 and U3 and associated components are operational ampli- 
fiers with voltage gains of about 25 each. Gain for A4U2 is deter- 
mined by A4R22 and R23; for A4U3 by A4R27 and R28. Bias 
current is provided for A4U3 by A4R25. 


The tuned amplifiers upper bandpass limit (240 Hz) is set by the 
parallel RC networks of A4C11 and R22, A4C14 and R27 and 
parallel RC network in the First Amplifier. 


Third Amplifier 


A4U4A and its associated components form an operational 
amplifier stage with variable voltage gain from 1.3 to 3.4. The 
front panel CAL ADJ gain control is set to compensate for differ- 
ences in sensitivity of individual power sensors. The gain is 
determined by A4R24, R21 and the CAL ADJ control R1. 


Synchronous Detector 


The phase shift of the 220 Hz signal through the tuned amplifiers 
is approximately zero. Because the phase shift is minimal, error 
introduced into the system is also minimal. This ensures that the 
detector output is proportional to the RF power input level. 


The Synchronous Detector, like the sampling gate circuit in the 
power sensor, is driven by the 220 Hz Multivibrator drive signal. 
When A4Q6 is biased on, the equivalent sampling gate FET 
(which is connected to ground) is also on. Therefore, a negative 
going signal is coupled to the ac amplifiers. Because there is no 
phase inversion of the signal throughout the ac amplifiers, the 
output of the Third Amplifier is also the negative going portion of 
the distorted sinusoidal waveform. During this half cycle current 
flows from ground through A4Q6 and R26 to change C12 andC13. 
A positive voltage is stored on the positive terminal of C13. When 
the 220 Hz drive signal turns A4Q6 off and Q7 on, the Third 
Amplifier output is the positive going portion of the distorted 
sinusoidal waveform. This positive going signal is superimposed 
on the voltage across C12 and C13 such that the peak voltage is 
about twice the peak voltage of the Third Amplifier output. This 
voltage charges A4C16 through R26 and Q7. The dc output vol- 
tage is coupled across a dc pass filter to the DC Amplifier. 


TROUBLESHOOTING 


General 


Before attempting to troubleshoot the circuits represented by this 
schematic, verify that the power supply is operating properly. 
The voltage on TP9 should be +12 Vdc; on TP10, -12 Vdc. 


The important characteristics of the waveforms shown on this 
schematic are the frequency and peak-to-peak voltage. If the 
shape of the waveform varies slightly, the performance of the 
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system will not be degraded. Measuring and recording dc vol- 
tages and comparing them with the normal levels shown on the 
schematics may help to isolate defective components. Refer to 
General Service Information (in Section VIII) with regard to 
operational amplifier circuits. 


The waveforms and voltages shown on the schematic are normal 
when operating under the following conditions. 


NOTE 


To exhibit the correct waveforms in the RANGE 
switch positions indicated, the power sensor (as 
part of the measurement system) must measure 
power from —35 to +20 dBm into a 500 load. 


a. POWER METER AND SENSOR. Set the Power Meter’s 
RANGE switch to the 1 mW position, CAL FACTOR switch to 
100% and the rear panel POWER REF switch to (ON). Connect 
the power sensor to the Power Meter’s POWER REF OUTPUT 
jack. 


b. POWER METER AND HP MODEL 11683A RANGE CALI- 
BRATOR. Set the Power Meter’s RANGE switch to the 1 mW 
position and CAL FACTOR switch to 100%. Set the Range Cali- 
brator’s RANGE switch to 1 mW, POLARITY switch to NOR- 
MAL and FUNCTION switch to STANDBY. Connect the Range 
Calibrator to the Power Meter with the power sensor cable. Set the 
Range Calibrator FUNCTION switch to CALIBRATE. 


First Amplifier 


To troubleshoot the hybrid operational amplifier effectively, con- 
sider the complete amplifier as shown on the schematic on the 
opposite foldout and the power sensor’s schematic. 


The bias levels may be used most effectively to isolate the problem 
to the Power Meter. If the de voltage at TP1 is correct but the ac 
voltage is incorrect, a defective component probably exists in the 
power sensor before the signal is input to the hybrid amplifier. 


An ac voltage coupled with a positive voltage (=+3 Vdc) at A4U1 
pin 2 would indicate a defect in the power sensor’s hybrid ampli- 
fier input or the interconnect cable. If the voltage at pin 2is about 
0.0 Vde, the defective component is probably in the Power Meter’s 
First Amplifier. 


A positive voltage at TP1 indicates the malfunction is probably in 
the Power Meter’s First Amplifier. 


NOTE 


Do not overlook the possibility that a problem can 
exist in the Auto Zero circuits shown on Service 
Sheet 3. 


SERVICE SHEET 2 (Cont'd) 


An increased noise level may be caused by Cl, C6 or C30 line 
noise filters. 


Range-to-range inaccuracy between the 100 mW range and 
another range may be due to a shaping circuit defect. 


Range Switch 


Range-to-range inaccuracy which is caused by the RANGE 
switch attenuators can easily be isolated by performing one of the 
Instrumentation Accuracy Performance Tests (refer to Section 
IV). 


Third Amplifier 


Adjust the CAL ADJ control from its present setting to the cew 
stop. Then adjust the control to the cw stop. The meter reading 
will normally change by +2 dB (>4 dB from stop to stop). The ac 
voltage at TP4 will change from the nominal setting to approxi- 
mately —35% (cew stop) and +70% (ew stop). 


Synchronous Detector 


The phase change of the 220 Hz signal between the power sensor’s 
sampling gate and the Synchronous Detector cannot be mea- 
sured directly because the detector output is de rather than ac. 
However, the phase difference at TP4 (the input to the detector 
circuit) can be measured, Because the phase change between TP4 
and the detector is known, the phase relationship between the 
drive signal (TP7) and the TP4 signal indicates the total phase 
shift through the ac amplifiers. This is the step-by-step procedure 
for checking phase shift. 


a. Set the Power Meter and (if used) the range calibrator con- 
trols as shown in the general troubleshooting information above. 


b. Connect the oscilloscope’s vertical inputs to the 220 Hz 
drive (TP7) through a divide-by-ten probe (Channel B) and to TP4 
through a one-to-one probe (Channel A). 


c. Set the oscilloscope controls as follows: Channel A sensitiv- 
ity to 0.05V/division with ac coupling, Channel B sensitivity to 
0.2V/division, horizontal sweep to 0.5 ms/division and the dis- 
play mode to Channel A and B, chopped with triggering from B. 


d. Adjust the vertical position controls until both traces are 
symetrical with respect to the horizontal center line (refer to the 
typical waveform below). 


e. Set the time base magnifier control to X10. The horizontal 
scale is now 50 us/division (refer to the expanded waveform 


below). 
Troubleshooting 
Block Diagram 
SERVICE SHEET 


Service 
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TYPICAL WAVEFORM 


150 ps 


EXPANDED WAVEFORM 


= 


Figure 8-7. Multivibrator/Detector Waveforms 


f. Set the Power Meter’s rear panel POWER g. Set the Power Meter’s POWER REF switch 


REF switch to OFF or set the range calibrator’s 
FUNCTION switch to STANDBY. With the oscil- 
loscope’s Channel A position control, set the trace 


to (ON) or set the range calibrator’s FUNCTION 
switch to CALIBRATE. The zero crossing of the 
Channel A (TP4) trace should lag the drive signal 


representing a zero input at TP4 to the grid horiz- by 150 +75us. 
ontal center line. 
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Figure 8-11. A1 Switch Assembly Component Locations 
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Regulating action of the 24V supply is started by CR9, R58 and 
R60. When the LINE switch is set to ON, current begins to flow 
through R60 and VR4. As the voltage increases across VR4, 
current begins to flow through Q11 which biases Q13 and Q16 on. 
The regulator output begins to increase in a negative direction. 
The output voltage biases CR9 which, in turn, causes the voltage 
across VR4 to increase. The resulting rapid increase in voltage on 
the base of Q11 keeps it ahead of that on the base of Q10. When the 
Q11 base voltage stabilizes at -12 Vdc, the lower voltage on Q10 
keeps the output level increasing until it approaches —24 Vdc. At 
this point the base voltages of Q10 and Q11 become equal, the 
differential amplifier’s error output goes to zero, and the output is 
stabilized at —24V. 


C25 and R61 form a low pass filter which reduces the high gain of 
the circuit at high frequencies thus preventing unwanted oscilla- 
tions. R59 and C24 form a noise filter for the zener diode. 


The input voltage to the 24V regulator may be as high as 70 Vdc 
from the line voltage or as low as 26 Vdc form the battery. 


12V Shunt Regulator 


U7 is connected as a voltage follower circuit. Chassis ground is 
coupled to the inverting input of U7 and the non-inverting input is 
coupled across half the 24V series regulator output by a voltage 
divider R63 and R64. If the voltage input to pin 3 tries to shift 
toward +12 or -12 Vdc, the output from U7 would bring the vol- 
tage at U7 pin 3 back to ground potential. 


Battery Test 
NOTE 


The battery test circuit is in operation any time the 
LINE switch is set to ON; however, the only time 
the meter indication is meaningful is when the 
battery is supplying power. 


When the battery is supplying power for the Power Meter circuits, 
and the battery is defective or discharged, the battery test circuit 
removes the positive (+12 Vdc) supply voltage from the DC 
Amplifier (A4U5). This causes a full downscale meter indication. 


The test circuit measures a percentage of the voltage difference 
between the -12V output and the negative battery terminal. As 
this voltage difference decreases to approximately 3 Vdc, Q14 


r 
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PRINCIPLES OF OPERATION 
General 


The input from the Synchronous Detector passes through a Low 
Pass Filter before it is amplified by the DC Amplifier. The output 
drives the Meter, the Servo Amplifier, and may also be coupled 
through the RECORDER OUTPUT jack to drive an external 
device such as an x-y recorder. The gain of the DC Amplifier is set 
by the CAL FACTOR switch. 


The Servo Amplifier generates an error voltage if the DC Ampli- 
fier output is not ground potential. Without an RF input coupled 
to the power sensor, the DC Amplifier output is very close to 0 Vdc. 
When the ZERO switch is pressed, the Servo Amplifier error 
offset voltage is coupled to the Auto Zero circuits. The error vol- 
tage is processed, attenuated and coupled across the power sen- 
sor’s power sensing device output as a zeroing correction voltage. 
This correction voltage is of equal dc level but opposite polarity to 
the output of the power sensing device (no RF input). With the 
corrected input voltage, the DC Amplifier output is exactly zero. 
When the ZERO switch is released, the Servo Amplifier output 
voltage is stored within the Auto Zero circuits and the correction 
voltage remains coupled across the output of the power sensing 
device. (Refer to the Auto Zero feedback diagram below.) 


<a <a | Salt 
POWER 
SENSING INPUT AC SYNC oc 
DEVICE AMPLIFIER AMPLIFIERS DETECTOR AMPLIFIER 


AUTO ZERO 


Auto Zero Feedback Path 
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DC Amplifier 


The input to the DC Amplifier is filtered by a two-stage Low Pass 
Filter A4R29 and C17; R30 and C18. On the three most sensitive 
ranges additional filtering is introduced by components which 
are mounted on the Al Switch Assembly. 


The DC Offset control A4R32 is set to eliminate any dc offset 
voltage introduced by the DC Amplifier. The gain of the DC 
Amplifier is controlled by A4R38, A4R33 and A1R1-15. The gain 
is variable from approximately 5.3 to 6.2 in 15 one-percent steps 
as determined by the CAL FACTOR switch. The CAL FACTOR 
switch setting is dependent on the frequency response of the 
power sensing device (refer to the chart on the power sensor case). 


The DC Amplifier drives the Meter, Servo Amplifier and an 
external instrument through the rear panel RECORDER OUT- 
PUT jack. The Meter control, A4R35, is used to calibrate the meter 
with a known input. Thermistor A4RT1 compensates for changes 
in sensitivity of the meter due to temperature. Diodes CR11 and 
CR12 at the output of the DC Amplifier, U5, prevent the meter 
needle from being damaged if excess power is applied to the 
meter. 


Servo Amplifier 


The DC Amplifier output is coupled to A4R39, the Servo Amplifier 
input. Because of the high de gain (=7000) a small de output from 
the DC Amplifier U5 produces a large error voltage at the Servo 
Amplifier U6 output. When the ZERO switch is pressed, this error 
voltage is coupled to the Auto Zero circuit. 


Capacitor A4C21 with R43 gives the Servo Amplifier the charac- 
teristics of a low pass filter. The Auto Zero Offset Control A4R42 
is set to remove any dc offset voltage introduced by the Servo 
Amplifier. 


Auto Zero Circuit 


When the front panel ZERO switch S2is pressed, A4Q17 is turned 
on, the collector voltage goes positive which places a dc voltage 
across relays A4K1 and A4A1K1. The RF BLANKING OUTPUT 
is now coupled to ground by A4K1 and the Servo Amplifier error 
voltage is coupled to A4A1Q1 and A4A1C1 by A4A1K1. 


The error voltage from the Servo Amplifier biases Q1 which pro- 
duces an equivalent error voltage at Q1 source. This voltage is 
attenuated by A4A1R2, A4A1R4 and A4R74. The voltage is 
further attenuated in the power sensor and is coupled across the 
ambient temperature dc output of the power sensing device as a 
correction voltage. The algebraic sum of the de voltages is ampli- 
fied and coupled back to the Auto Zero input. Because the feed- 
ack loop is a negative path, the correction voltage across the 
power sensing device output begins to change and continues to do 
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so until it is the same level but opposite polarity as the power 
sensing device output. The input to the Power Meter circuits goes 
to zero which means the DC Amplifier output is also zero. When 
the ZERO switch is released, relay A4A1K1 opens and the final 
Servo Amplifier error voltage is stored on A4A1C1 at the high 
impedance input to A4A1Q1. The correction voltage across the 
power sensing device remains constant as long as the error vol- 
tage remains on Cl. 


Diodes A4CR4 and A4A1CRI1 reduce voltage spikes caused by 
switching the relays. A4R69 also 
reduces switching transients in the feedback path. 


The voltage which appears at the source of A4A1Q1 is coupled to 
A4U6 pin 2 through A4R44, C20 and C19. This voltage tends to 
keep the Servo Amplifier output constant when the ZERO switch 
is first pressed. It dampens the violent change which tries to occur 
because of the high gain of the Servo Amplifier. The initial 
change thus occurs slowly. 


A4A1R1 establishes an RC time constant (1s) with A4A1C1 
which averages out the thermal noise during the zeroing 
operation. 


The special construction of the A4A1 assembly and the high gate 
impedance of A4A1Q1 reduce leakage from A4A1C1 and thus 
increases the correction voltage storage time. 


A4AI1R2, R3, R4, C2, C3 and C4 are part of a frequency response 
network which keeps the auto zero feedback loop from oscillating 
during the zeroing sequence. 


A4R46, R45 and A4A1R4 form a voltage divider stick. The Bal- 
ance control A4R46 removes the dc offset introduced by the Auto 
Zero circuit thus centering its effective range at 0 Vdc. 


TROUBLESHOOTING 


General 
Before attempting to troubleshoot these circuits, verify that the 


power supply is operating properly. The voltage on TP9 should be 
+12 Vdc; on TP10, -12 Vde. 


If the de offset controls A4R32, R42 or R46 are incorrectly 
adjusted, the Auto Zero circuits may not respond properly. Refer 
to the adjustment procedures in Section V. 


Noise problems may be due to defective components in the Low 
Pass Filter (especially the three most sensitive ranges) or the 
Servo Amplifier which is an active low pass filter. A noise prob- 
lem in the Servo Amplifier will be evident only during the zeroing 
sequence. 
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DC Amplifier and Servo Amplifier 


Measure the dc input and output voltages. Verify that the ampli- 
fier outputs respond properly to the inputs. For troubleshooting 
operational amplifiers refer to General Service Information in 
Section VIII. A Servo Amplifier problem will be evident only 
during the zeroing sequence. 


Auto Zero Assembly 


The normal value range of the offset error voltage at TPA is about 
-14 to +14 mVdc. The power sensing device normally exhibits a 
slight positive output due to ambient temperature, therefore, the 
normal correction voltage is slightly negative, hence -4 mVdc. 


The voltage measured at TPB will provide an indication of how 
long the charge is retained on A4A1C1. The voltage should 
remain virtually unchanged (+1 mVdc) for 24 hours. 


If any component on the A4A1 assembly is found to be defective, 
the entire assembly must be replaced. 
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Figure 8-11. A1 Switch Assembly Component Locations 
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Figure 8-13. P/O A4 Assembly (DC Amp!/Auto Zero) 
Figure 8-12. P/O A4 Assembly (DC Ampl/Auto Zero) Component Locations Sahamatie Diagram 
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begins to turn off. The collector voltage begins to 
go positive and the change is transmitted through 
R51 and VR5to Q18. As Q18 begins to turn off, its 
collector goes more negative. A negative going 
transient is coupled through R55 to the base of Q14 
which speeds up the turn-off time. The positive 
supply voltage is removed from the collector of 
Q18 and also the DC Amplifier. As the battery 
voltage is further reduced, the series regulated 
output begins to decrease faster than the battery 
voltage and, eventually, the 3 volt threshold volt- 
age is exceeded. Q14 is then biased on, but, 
because the battery voltage is less than 20 Vdc, the 
knee voltage of VR5 cannot be reached. Therefore, 
VR5 does not conduct and Q18 remains biased off. 


Battery Charger 


If a battery has been placed in the Power Meter as 
a secondary power source, it is always being 
charged whenever the line voltage is coupled to 
the instrument and the LINE switch is ON. With 
ac line (Mains) power supplying energy VR3 is 
turned on, which biases Q12 for a charging cur- 
rent of approximately 90 mA. This current is supp- 
lied through CR6 to the battery BT1. CR7 is 
reverse biased while the battery is being charged. 
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When the line voltage is removed, CR7 is forward 
biased by the current flowing to the Power Meter 
circuits from the battery. CR6 is turned off and no 
current flows through the charging circuit. 


Current Limiter 


If the current flow through the 24V regulator were 
to suddenly increase to approximately 90 mA, Q15 
would turn on and draw the drive current away 
from Q16. Consequently, the current flow to Q13 
would disappear and the regulator output would 
be reduced. 


TROUBLESHOOTING 


Set the LINE switch to OFF and remove A4P1 (red 
wire) from A4J1 and A4P2 (blue wire) from A4J2. 
This disconnects the load from the power supply. 
If the supply voltages are now correct, the mal- 
function is not in the power supply. 


If, after removing the load, the output voltages 
measured are less than normal but of equal and 
opposite polarity, the malfunction is probably in 
the series regulator circuits. 


Voltages shown in parenthesis are for battery ( 
operation only. 


Model 435B 


SERVICE SHEET 5 


PRINCIPLES OF OPERATION 
General 


The A3 assembly provides a 50 +5 MHz output at 1 mW +0.7%. The 
oscillator output is held constant by an ALC loop made up of a 
peak detector CR2 and comparator U2. The comparator reference 
input is from a very stable +5V power supply composed of U1, 
VR1, VR2, Q2, and their associated components. The LEVEL 
ADJ control R4 sets the comparator reference which controls the 
oscillator feedback level and thereby controls the A3 assembly 
POWER REFERENCE OUTPUT level. 


50 MHz Oscillator 


The oscillator circuit is made up of common emitter amplifier Q1 
and its associated components. Resistors R10, R11, R12 and R13 
bias Q1 for an emitter current of approximately 5 mA. The 
mnetwork tuned circuit (C9, L2,.C10 and C11) determines the 
operating frequency. The amplifier ac gain is set by the operating 
circuit impedance across the tuned circuit and the emitter resistor 
R15 (which is ac coupled to ground by C12). The positive feedback 
required to sustain oscillation is satisfied in this circuit. Phase 
shift of 180° is a characteristic of both common-emitter transistor 
amplifiers and z-network tuned circuits. This feedback is coupled 
through C9 and C10, back to the base of Q1. 


ALC Loop 


At the positive peak of each cycle, current momentarily flows 
from the feedback loop through peak detector diode CR2 to C7. 
The resultant stored charge is coupled, as a dc input voltage, to 
pin 3 of U2. The detector output is compared to a very stable 
reference input by comparator U2. Any difference between the 
comparator’s input voltages produces an error voltage at the dc 
output. The comparator output is coupled to a reactance voltage 
divider, capacitor C9 and varactor CR3. As the error output volt- 
age goes more positive the capacitive reactance of CR3 decreases, 
which reduces the oscillator feedback. Conversely, a more nega- 
tive output voltage will increase the feedback. For example, if the 
oscillator output were to suddenly increase, the detector output 
would become more positive. The comparator output would 
become more positive, a lower CR3 reactance would decrease the 
feedback to Q1 which forces the oscillator output level back to its 
original level. If the R4 LEVEL ADJ control were adjusted for a 
more positive reference voltage, the comparator output would go 
more negative, the feedback would increase, allowing the oscilla- 
tor output to increase. Therefore, the peak detector output would 
increase until it equals the comparator reference level input, thus 
establishing a higher leveled-output signal from the oscillator. 
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P/O A4 
SERVICE SHEET 


SERVICE SHEET 4 


PRINCIPLES OF OPERATION 
General 


Power sources for the Power Meter are line (Mains) power or the 
rechargeable battery. If the battery is being used as a power 
source, it will receive a charging current any time the line voltage 
is coupled to the instrument and the LINE switch is set to ON. 
When the line voltage is disconnected, the battery automatically 
becomes the power source. 


CAUTION 


A voltmeter or oscilloscope which is used to mea- 
sure the 24V output across the +12V terminals 
must have a floating ground input. 


The 12V Shunt Regulator establishes a reference ground at the 
half voltage point of the 24V Series Regulator output and thus 
establishes the +12 and -12 Vdc outputs with respect to ground. 


Over Voltage Protection Circuit 


The Over Voltage Protection Circuit consists of capacitor C39, 
thyristor Q20, resistors R81 and R82, and zener diode VR6. The 
function of this circuit is to prevent component damage in the 
power supply due to power line transients, wrong voltages being 
applied to the Power Module (A6) or the shorting of Q13’s collector 
to ground. 


24V Series Regulator 


NOTE 


The explanation of the 24V Series Regulator is 
based on the assumption that TP9 is the reference 
ground and the regulator output is -24 Vdc at 
TP10. 


A reference voltage of -12 Vdcis established on the base of Q11 by 
VR4. Because Q10 and Q11 are a differential amplifier pair a 
difference in voltage between the base of Q11 and the base of Q10, 
half the 24V output (refer to the note above), produces an error 
output on the collector of Q11. This error voltage is coupled to Q16, 
the regulator driver, and from there to Q13, the series regulator. If, 
for example, the output voltage suddenly decreased to —23 volts, 
the current through Q11 would increase and the collector voltage 
would become less negative. Current flow through Q16 increases 
and the collector voltage goes more negative. The emitter voltage 
of Q13 follows the collector voltage of Q16 and approaches —24V, 
As the output voltage becomes more negative, the Q10 base vol- 
tage also becomes more negative until it equals the base voltage 
of Q11. At this instant, the output voltage is -24 Vdc and the 
circuit action (voltage change) ceases. 


SERVICE SHEET 4 (Cont'd) 


Regulating action of the 24V supply is started by CR9, R58 and 
R60. When the LINE switch is set to ON, current begins to flow 
through R60 and VR4. As the voltage increases across VR4, 
current begins to flow through Q11 which biases Q13 and Q16on. 
The regulator output begins to increase in a negative direction. 
The output voltage biases CR9 which, in turn, causes the voltage 
across VR4 to increase. The resulting rapid increase in voltage on 
the base of Q11 keeps it ahead of that on the base of Q10. When the 
Q11 base voltage stabilizes at -12 Vdc, the lower voltage on Q10 
keeps the output level increasing until it approaches —24 Vdc. At 
this point the base voltages of Q10 and Q11 become equal, the 
differential amplifier’s error output goes to zero, and the output is 
stabilized at -24V. 


C25 and R61 form a low pass filter which reduces the high gain of 
the circuit at high frequencies thus preventing unwanted oscilla- 
tions. R59 and C24 form a noise filter for the zener diode. 


The input voltage to the 24V regulator may be as high as 70 Vde 
from the line voltage or as low as 26 Vdc form the battery. 


12V Shunt Regulator 


U7 is connected as a voltage follower circuit. Chassis ground is 
coupled to the inverting input of U7 and the non-inverting input is 
coupled across half the 24V series regulator output by a voltage 
divider R63 and R64. If the voltage input to pin 3 tries to shift 
toward +12 or -12 Vdc, the output from U7 would bring the vol- 
tage at U7 pin 3 back to ground potential. 


Battery Test 


NOTE 


The battery test circuit is in operation any time the 
LINE switch is set to ON; however, the only time 
the meter indication is meaningful is when the 
battery is supplying power. 


When the battery is supplying power for the Power Meter circuits, 
and the battery is defective or discharged, the battery test circuit 
removes the positive (+12 Vdc) supply voltage from the DC 
Amplifier (A4U5). This causes a full downscale meter indication. 


The test circuit measures a percentage of the voltage difference 


between the -12V output and the negative battery terminal. As 
this voltage difference decreases to approximately 3 Vdc, Q14 


Switch Assembly and DC Ampl/Auto Zero 
P/O A1 and P/O A4 
SERVICE SHEET 


Service 


SERVICE SHEET 4 (Cont'd) 


begins to turn off. The collector voltage begins to 
go positive and the change is transmitted through 
R51 and VR5to Q18. As Q18 begins to turn off, its 
collector goes more negative. A negative going 
transient is coupled through R55 to the base of Q14 
which speeds up the turn-off time. The positive 
supply voltage is removed from the collector of 
Q18 and also the DC Amplifier. As the battery 
voltage is further reduced, the series regulated 
output begins to decrease faster than the battery 
voltage and, eventually, the 3 volt threshold volt- 
age is exceeded. Q14 is then biased on, but, 
because the battery voltage is less than 20 Vdc, the 
knee voltage of VR5 cannot be reached. Therefore, 
VR5 does not conduct and Q18 remains biased off. 


Battery Charger 


If a battery has been placed in the Power Meter as 
a secondary power source, it is always being 
charged whenever the line voltage is coupled to 
the instrument and the LINE switch is ON. With 
ac line (Mains) power supplying energy VR3 is 
turned on, which biases Q12 for a charging cur- 
rent of approximately 90 mA. This current is supp- 
lied through CR6 to the battery BT1. CR7 is 
reverse biased while the battery is being charged. 
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When the line voltage is removed, CR7 is forward 
biased by the current flowing to the Power Meter 
circuits from the battery. CR6 is turned off and no 
current flows through the charging circuit. 


Current Limiter 


If the current flow through the 24V regulator were 
to suddenly increase to approximately 90 mA, Q15 
would turn on and draw the drive current away 
from Q16. Consequently, the current flow to Q13 
would disappear and the regulator output would 
be reduced. 


TROUBLESHOOTING 


Set the LINE switch to OFF and remove A4P1 (red 
wire) from A4J1 and A4P2 (blue wire) from A4J2. 
This disconnects the load from the power supply. 
If the supply voltages are now correct, the mal- 
function is not in the power supply. 


If, after removing the load, the output voltages 
measured are less than normal but of equal and 
opposite polarity, the malfunction is probably in 
the series regulator circuits. 


Voltages shown in parenthesis are for battery 
operation only. 


a) 


é) 
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P/O A4 ASSEMBLY 


Figure 8-14. P/O A4 Assembly (Power Supply) Component Locations 
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Schematic Diagram 
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Service 


SERVICE SHEET 5 (Cont'd) 


Frequency shaping components R8, R10, R11 and 
C8 determine the upper limit of frequency re- 
sponse of the ALC loop which prevents spurious 
oscillations. 


+5V POWER SUPPLY 


A3VR2 provides a reference voltage of -6.2 Vdc to 
the power supply reference amplifier A3U1. The 
gain of the reference amplifier is set by R3, R4 and 
R5 and is approximately —0.8 with R4 centered. 
The very stable output is coupled through CR1 as 
the reference voltage input to comparator U2. 
Diode CR1 temperature compensates CR2. 


TROUBLESHOOTING 


General 


Before trying to troubleshoot the A3 assembly, 
verify the presence of +12 Vdc and -12 Vdc on the 
circuit board. 


If a defect in the A3 assembly is isolated and 
repaired, the correct output level (1 mW +0.7%) 
must be set by a very accurate power measurement 
system. Hewlett-Packard employs a special sys- 
tem, accurate to +0.5% and traceable to the 


8-16 


Model 435B 


National Bureau of Standards. When setting the 
power level, a transfer error of +0.2% is introduced 
making the total error +0.7%. If a system this 
accurate is available it may be used to set the 
proper output level. Otherwise, Hewlett-Packard 
recommends returning the Power Meter so it can 
be reset at the factory. Contact your nearest 
Hewlett-Packard office for more information. 


50 MHz Oscillator 


Malfunctions of the oscillator circuits will occur as 
a wrong output frequency or as an abnormal out- 
put level. The voltage at TP2 will indicatc¢ if the 
ALC loop is trying to compensate for an incorrect 
output level. 


Modulation of the 50 MHz signal or spurious sig- 
nals, which are part of the output, may be caused 
by defects in R8, R10, R11 or C8 in the ALC loop. 


ALC Loop and Power Supply 


Problems in the ALC Loop and Power Supply cir- 
cuits may be quickly isolated by measuring dc vol- 
tages at the inputs and outputs of the integrated 
circuits. For added information on troubleshoot- 
ing integrated circuits, refer to General Service 
Information in Section VIII. 


Model 4385B 
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PRINCIPLES OF OPERATION 
General 


The A3 assembly provides a 50 +5 MHz output at 1 mW +0.7%. The 
oscillator output is held constant by an ALC loop made up of a 
peak detector CR2 and comparator U2. The comparator reference 
input is from a very stable +5V power supply composed of U1, 
VR1, VR2, Q2, and their associated components. The LEVEL 
ADJ control R4 sets the comparator reference which controls the 
oscillator feedback level and thereby controls the A3 assembly 
POWER REFERENCE OUTPUT level. 


50 MHz Oscillator 


The oscillator circuit is made up of common emitter amplifier Q1 
and its associated components. Resistors R10, R11, R12 and R13 

‘ bias Q1 for an emitter current of approximately 5 mA. The 
mnetwork tuned circuit (C9, L2, C10 and C11) determines the 
operating frequency. The amplifier ac gain is set by the operating 
circuit impedance across the tuned circuit and the emitter resistor 
R15 (which is ac coupled to ground by C12). The positive feedback 
required to sustain oscillation is satisfied in this circuit. Phase 
shift of 180° is a characteristic of both common-emitter transistor 
amplifiers and 7-network tuned circuits. This feedback is coupled 
through C9 and C10, back to the base of Q1. 


ALC Loop 


At the positive peak of each cycle, current momentarily flows 
from the feedback loop through peak detector diode CR2 to C7. 
The resultant stored charge is coupled, as a de input voltage, to 
pin 3 of U2. The detector output is compared to a very stable 
reference input by comparator U2. Any difference between the 
comparator’s input voltages produces an error voltage at the dc 
output. The comparator output is coupled to a reactance voltage 
divider, capacitor C9 and varactor CR3. As the error output volt- 
age goes more positive the capacitive reactance of CR3 decreases, 
which reduces the oscillator feedback. Conversely, a more nega- 
tive output voltage will increase the feedback. For example, if the 
oscillator output were to suddenly increase, the detector output 
would become more positive. The comparator output would 
become more positive, a lower CR3 reactance would decrease the 
feedback to Q1 which forces the oscillator output level back to its 
original level. If the R4 LEVEL ADJ control were adjusted for a 
more positive reference voltage, the comparator output would go 
more negative, the feedback would increase, allowing the oscilla- 
tor output to increase. Therefore, the peak detector output would 
increase until it equals the comparator reference level input, thus 
establishing a higher leveled-output signal from the oscillator. 


Power Supply 
P/O A4 
SERVICE SHEET 


Service 


SERVICE SHEET 5 (Cont'd) 


Frequency shaping components R8, R10, R11 and 
C8 determine the upper limit of frequency re- 
sponse of the ALC loop which prevents spurious 
oscillations. 


+5V POWER SUPPLY 


A3VR2 provides a reference voltage of -6.2 Vdc to 
the power supply reference amplifier A3U1. The 
gain of the reference amplifier is set by R3, R4 and 
R5 and is approximately —0.8 with R4 centered. 
The very stable output is coupled through CR1 as 
the reference voltage input to comparator U2. 
Diode CR1 temperature compensates CR2. 


TROUBLESHOOTING 


General 


Before trying to troubleshoot the A3 assembly, 
verify the presence of +12 Vdc and -12 Vdc on the 
circuit board. 


If a defect in the A3 assembly is isolated and 
repaired, the correct output level (1 mW +0.7%) 
must be set by a very accurate power measurement 
system. Hewlett-Packard employs a special sys- 
tem, accurate to +0.5% and traceable to the 
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National Bureau of Standards. When setting the 
power level, a transfer error of +0.2% is introduced 
making the total error +0.7%. If a system this 
accurate is available it may be used to set the 
proper output level. Otherwise, Hewlett-Packard 
recommends returning the Power Meter so it can 
be reset at the factory. Contact your nearest 
Hewlett-Packard office for more information. 


50 MHz Oscillator 


Malfunctions of the oscillator circuits will occur as 
a wrong output frequency or as an abnormal out- 
put level. The voltage at TP2 will indicatc if the 
ALC loop is trying to compensate for an incorrect 
output level. 


Modulation of the 50 MHz signal or spurious sig- 
nals, which are part of the output, may be caused 
by defects in R8, R10, R11 or C8 in the ALC loop. 


ALC Loop and Power Supply 


Problems in the ALC Loop and Power Supply cir- 
cuits may be quickly isolated by measuring dc vol- 
tages at the inputs and outputs of the integrated 
circuits. For added information on troubleshoot- 
ing integrated circuits, refer to General Service 
Information in Section VIII. 
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Assembly | 
Referenc 


Al Assembl: 


A3 Assembl: 
A3R4 LEVE 


A4 Assembl; 
A4R82 DC C 
A4R35 MET 
A4R42 AUT 
OFFSET 
A4R46 BAL 
A4R76 220 fF 
A4A1 


A5 Assembl 
A5XA4 


A6 Assembl 
G1 


R1 CAL FA 
R2 


$1 LINE 
$2 ZERO 
S3 POWER 


Tl 
Wi 
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Assembly, Chassis and Adjustable 
Components Locations 
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A3 
SERVICE SHEET 


Model 435B 


Table 8-2. Assembly, Chassis and Adjustable Components Locations 


Reference Designator 


Assembly or Component 


Service 
Sheet 


Al Assembly 


A3 Assembly 
A3R4 LEVEL ADJ 


A4 Assembly 

A4R32 DC OFFSET 

A4R35 METER 

A4R42 AUTO ZERO 
OFFSET 

A4R46 BALANCE 

A4R76 220 Hz 

A4A1 

A5 Assembly 

A5XA4 

A6 Assembly 

Cl 

Fl 

Jl 

J2 

J3 


J4 
J5 


J6 


R1 CAL FACTOR ADJ 
R2 


$1 LINE 
$2 ZERO 
S3 POWER REF 


Tl 
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W6 
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Figure Remarks 


8-11,18 8-18 Bottom View 

8-16, 18 

8-18 8-18 Top View 

8-9, 12, 14, 18 

8-12, 18 8-18 Right Side View 

8-12, 18 8-18 Right Side View 

8-12, 18 8-18 Right Side View 

8-12, 18 8-18 Right Side View 

8-9, 18 8-18 Right Side View 

8-12, 18 8-18 Right Side View 

8-8, 18 8-18 Bottom View 

8-18 8-18 Left Side View 

8-18 8-18 Top View 

8-18 8-18 Bottom View 

8-18 8-18 Rear Panel View 

8-18 8-18 Front Panel View 

8-18 8-18 Front Panel View 

8-18 8-18 Rear Panel View 

8-18 8-18 Rear Panel View 

8-18 8-18 Rear Panel View 
(Options 002 and 003 only) 

8-18 8-18 Rear Panel View 
(Option 003 only) 

8-18 8-18 Front Panel View 

8-18 8-18 Bottom View 

8-18 8-18 Bottom View 

8-18 8-18 Top View 

8-18 8-18 Front Panel View 

— Connected to S1 inside safety 
cover 

8-18 8-18 Front Panel View 

8-18 8-18 Front Panel View 


8-18 Rear Panel View 
8-18 Bottom View 


8-18 Cable connecting J1 to 
A5 Assembly 

8-18 Cable connecting S1 to power 
module 

8-18 Cable connecting J2 to 
A3 Assembly 


— Power sensor cable 

od Line (Mains) power cable 

— Cable connecting J5 to A5 
Assembly (Options 002 and 
003 only 

— Cable connecting J6 to A3 

Assembly (Option 003 only) 
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ARGENTINA 


Hewlett-Packard Argentina S.A. 


Santa Fe 2035, Martinez 
6140 Buenos Aires 
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Telex: 122443 AR CIGY 


Biotron S.A.C.l.y M. 

Avda. Paseo Colon 221 

9 piso 

1399 Buenos Aires 
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34-9356/0460/455 1 
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AUSTRALIA 


AUSTRALIA CAPITAL 
TERR. 

Hewlett-Packard Australia Pty. 
Lid. 

121 Wollongong Street 

Fyshwick, 2609 

Tel: 804244 

Telex: 62650 


NEW SOUTH WALES 

Hewlett-Packard Australia Pty. 
Lid. 

31 Bridge Street 

Pymble, 2073 

Tel: 4496566 

Telex: 21561 


QUEENSLAND 

Hewlett Packard Australia Pty. 
Ltd. 

5th Floor 

Teachers Union Building 

495-499 Boundary Street 

Spring Hill, 4000 

Tel: 2291544 


SOUTH AUSTRALIA 

Hewlett-Packard Australia Pty. 
Ltd. 

153 Greenhill Road 

Parkside, 5063 

Tel: 2725911 

Telex: 82536 


VICTORIA 

Hewlett-Packard Australia Pty. 
Ltd. 

31-41 Joseph Street 

Blackburn, 3130 

Tel: 89-6351 

Telex: 31024 MELB 


WESTERN AUSTRALIA 

Hewlett-Packard Australia Pty. 
Ltd. 

141 Stirling Highway 

Nedlands, 6009 

Tel: 3865455 

Telex: 93859 


AUSTRIA 
Hewlett-Packard Ges.m.b.H. 
Wehlistrasse 29 

P.O. Box 7 

A-1205 Vienna 

Tel: 35-16-21-0 

Telex: 13582/135066 
Hewlett-Packard Ges.m.b.H. 
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A-1205 Wien 
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BAHRAIN 

Medical Only 

Wael Pharmacy 
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Bahrain 
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Al Hamidiya Trading and 
Contracting 

P.O. Box 20074 

Manama 
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BANGLADESH 

The General Electric Co. of 
Bangladesh Lid. 

Magnet House 72 
Dilkusha Commercial Area 
Motijhell, Dacca 2 

Tel: 252415, 252419 
Telex: 734 


BELGIUM 

Hewlett-Packard Benelux 
S.A/N.V. 

Avenue du Col-Vert, 1, 

(Groenkraaglaan) 

B-1170 Brussels 

Tel: (02) 660 50 50 

Telex: 23-494 paloben bru 


BRAZIL 

Hewlett-Packard do Brasil 
le.C. Ltda. 

Alameda Rio Negro, 750 

Alphaville 

06400 Barueri SP 

Tel: 429-3222 


Hewlett-Packard do Brasil 
Le.C. Ltda. 

Rua Padre Chagas, 32 

90000-Pérto Alegre-RS 

Tel: 22-2998, 22-5621 


Hewlett-Packard do Brasil 
le.C. Lida. 

Av. Epitacio Pessoa, 4664 

2247 1-Rio de Janeiro-RJ 

Tel: 286-0237 

Telex: 021-21905 HPBR-BR 


CANADA 


ALBERTA 

Hewlett-Packard (Canada) Ltd. 
11620A - 168th Street 
Edmonton T5M 319 

Tel: (403) 452-3670 

TWX: 610-831-2431 


Hewlett-Packard (Canada) Ltd. 
210, 7220 Fisher St. S.E. 
Calgary T2H 2H8 

Tel: (403) 253-2713 

TWX: 610-821-6141 


BRITISH COLUMBIA 
Hewlett-Packard (Canada) Ltd. 
10691 Shellbridge Way 
Richmond V6X 2W7 

Tel: (604) 270-2277 

TWX: 610-925-5059 


MANITOBA 
Hewlett-Packard (Canada) Ltd. 
380-550 Century St. 

St. James, 

Winnipeg R3H OY 1 

Tel: (204) 786-6701 

TWX: 610-67 1-3531 


NOVA SCOTIA 
Hewlett-Packard (Canada) Ltd. 
P.0. Box 931 

800 Windmill Road 
Dartmouth B3B 1L1 

Tel: (902) 469-7820 

TWX: 610-27 1-4482 


ONTARIO 

Hewlett-Packard (Canada) Ltd. 
1020 Morrison Dr. 

Ottawa K2H 8K7 

Tel: (613) 820-6483 

TWX: 610-563-1636 


Hewlett-Packard (Canada) Ltd. 
6877 Goreway Drive 
Mississauga L4V 1M8 

Tel: (416) 678-9430 

TWX: 610-492-4246 


Hewlett-Packard (Canada) Ltd. 
552 Newbold Street 

London N6E 2S5 

Tel: (519) 686-9181 

TWX: 610-352-1201 


QUEBEC 

Hewlett-Packard (Canada) Ltd, 
275 Hymus Blvd. 

Pointe Claire HOR 1G7 

Tel: (514) 697-4232 

TWX: 610-422-3022 


FOR CANADIAN 

AREAS NOT 

LISTED: 

Contact Hewlett-Packard (Can- 
ada) Ltd. in Mississauga. 


CHILE 

Jorge Calcagni y Cia. Ltda. 
Arturo Burhle 065 

Casilla 16475 

Correo 9, Santiago 

Tel: 220222 

Telex: JCALCAGNI 


COLOMBIA 

Instrumentacién 

Henrik A. Langebaek & Kier 
S.A. 

Carrera 7 No. 48-75 

Apartado Aéreo 6287 

Bogoté, 1D.E. 

Tel: 269-8877 

Telex: 44400 


Instrumentaci6n 

H.A. Langebaek & Kier S.A. 
Carrera 63 No. 49-A-31 
Apartado 54098 
Medellin 

Tel: 304475 


COSTA RICA 

Cientifica Costarricense S.A. 
Avenida 2, Calle 5 

San Pedro de Montes de Oca 
Apartado 10159 

San José 

Tel: 24-38-20, 24-08-19 
Telex: 2367 GALGUR CR 


(4) SALES OFFICES 


Arranged alphabetically by country 


CYPRUS 

Kypronics 

19 Gregorios Xenopoulos 
Street 

P.O. Box 1152 

Nicosia 

Tel: 45628/29 

Telex: 3018 


CZECHOSLOVAKIA 
Hewlett-Packard 

Obchodni zastupitelstvi v CSSR 
Pisemny styk 

Post. schranka 27 

CS 118 01 Praha 011 

CSSR 


Vyvojova a Provozni Zakladna 

Vyzkumnych Ustavu v 
Bechovicich 

CSSR-25097 Bechovice u 
Prahy 

Tel: 89 93 41 

Telex: 12133 


Institute of Medical Bionics 

Vyskumny Ustav Lekarskej 
Bioniky 

Jedlova 6 

CS-88346 Bratisiava- 
Kramare 

Tel: 44-551 

Telex: 93229 


DENMARK 
Hewlett-Packard A/S 
Datavej 52 

OK-3460 Birkerod 
Tel: (02) 81 66 40 
Telex: 37409 hpas dk 


Hewlett-Packard A/S 
Navervej 1 

DK-8600 Silkeborg 
Tel: (06) 82 71 66 
Telex: 37409 hpas dk 


ECUADOR 

CYEDE Cia. Ltda. 

P.O. Box 6423 CCI 

Av. Eloy Alfaro 1749 
Quito 

Tel: 450-975, 243-052 
Telex: 2548 CYEDE ED 


Medical Only 
Hospitalar S.A. 
Casilla 3590 
Robles 625 
Quito 

Tel: 545-250 


EGYPT 

L.E.A. 

International Engineering 
Associates 

24 Hussein Hegazi Street 

Kasr-el-Aini 

Cairo 

Tel: 23 829 

Telex: 93830 


, SAMITRO 


Sami Amin Trading Office 
18 Abdel Aziz Gawish 
Abdine-Cairo 

Tel: 24932 


EL SALVADOR 

IPESA 

Bulevar de los Heroes 11-48 
Edificio Sarah 1148 

San Salvador 

Tel: 252787 


ETHIOPIA 
Abdella Abdulmalik 
P.0. Box 2635 
Addis Ababa 
Tel: 1193 40 


FINLAND 


Hewlett-Packard Oy 
Revontulentie, 7 
SF-02100 Espoo 10 
Tel: (90) 455 0211 
Telex: 121563 hewpa sf 


FRANCE 

Hewlett-Packard France 

Zone d'activites de 
Courtaboeuf 

Avenue des Tropiques 

Boite Postale 6 

91401 Orsay-Cédex 

Tel: (1) 907 78 25 

TWX: 600048F 


Hewlett-Packard France 
Chemin des Mouilles 
B.P. 162 

69130 Ecully 

Tel: (78) 33 81 25 
TWX: 310617F 
Hewlett-Packard France 
20, Chemin de La Cépiére 
31081 Toulouse 

Le Mirall-Cédex 

Tel: (61) 40 11 12 


Hewlett-Packard France 

Le Ligoures 

Place Romée de Villeneuve 
13100 Aix-en-Provence 
Tel: (42) 59 41 02 

TWX: 410770F 


Hewlett-Packard France 
2, Allee de la Bourgonette 
35100 Rennes 

Tel: (99) 51 42 44 

TWX: 7409 12F 


Hewlett-Packard France 

18, rue du Canal de la Marne 
67300 Schiltigheim 

Tel: (88) 83 08 10 

TWX: 89014 1F 


Hewlett-Packard France 
Immeuble péricentre 

fue van Gogh 

59650 Villeneuve D'Ascq 
Tel: (20) 91 41 25 

TWX: 160124F 


Hewlett-Packard France 

B&timent Ampére 

Rue de la Commune de Paris 

B.P. 300 

93153 Le Blanc Mesnil- 
Cédex 

Tel: (01) 931 88 50 

Telex: 211032F 


Hewlett-Packard France 
Av. du Pdt. Kennedy 
33700 Merignac 

Tel: (56) 97 01 81 


Hewlett-Packard France 
Immeuble Lorraine 
Boulevard de France 
91035 Evry-Cédex 
Tel: 077 96 60 

Telex: 6923 15F 


Hewlett-Packard France 
23 Rue Lothaire 

57000 Metz 

Tel: (87) 65 53 50 


GERMAN FEDERAL . 
REPUBLIC 
Hewlett-Packard GmbH 
Vertriebszentrale Frankfurt 
Berner Strasse 117 
Postfach 560 140 
0-6000 Frankfurt 56 
Tel: (06011) 50041 
Telex: 04 13249 hpffm d 


Hewlett-Packard GmbH 
Technisches BUro Bublingen 
Herrenberger Strasse 110 
D-7030 Béblingen, 
Wurttemberg 

Tel: (07031) 667-1 

Telex: 07265739 bbn 


Hewlett-Packard GmbH 

Technisches BUro DUsseldorf 

Emanuel-Leutze-Str. 1 
(Seestern) 

D-4000 Dusseldorf 

Tel: (0211) 5971-1 

Telex: 085/86 533 hpdd d 


Hewlett-Packard GmbH 
Technisches BUro Hamburg 
Kapstadtring 5 

D-2000 Hamburg 60 

Tel: (040) 63804-1 

Telex: 21 63 032 hphh d 
Hewlett-Packard GmbH 
Technisches BUro Hannover 
Am Grossmarkt 6 

D-3000 Hannover 91 
Tel: (0511) 46 60 01 
Telex: 092 3259 


Hewlett-Packard GmbH 
Technisches BUro Nurnberg 
Neumeyerstrasse 90 
D-8500 NUrnberg 

Tel: (0911) 52 20 83 
Telex: 0623 860 


Hewlett-Packard GmbH 
Technisches BUro MUnchen 
Eschenstrasse 5 

0-8021 Taufkirchen 
Tel: (089) 6117-1 

Telex: 0524985 


Hewlett-Packard GmbH 
Technisches Buro Berlin 
Kaithstrasse 2-4 

D-1000 Berlin 30 

Tel: (030) 24 90 86 
Telex: 018 3405 hpbin d 


GREECE 

Kostas Karayannis 

8 Omirou Street 

Athens 133 

Tel: 32 30 303/32/37 731 
Telex: 21 59 62 RKAR GR 


GUAM 

Guam Medical Supply, Inc. 
Suite C, Airport Plaza 

P.0. Box 8947 
Tamuning 96911 

Tel: 646-4513 


GUATEMALA 

IPESA 

Avenida Reforma 3-48 

Zona 9 

Guatemala City 

Tel: 316627, 314786, 
6647 1-5, ext. 9 

Telex: 4192 Teletro Gu 


HONG KONG 

Hewlett-Packard Hong Kong 
Ltd. 

11th Floor, Four Seas Bldg. 

212 Nathan Rd. 

Kowloon 

Tel: 3-697446 (5 lines) 

Telex: 36678 HX 


Medical/Analytical Only 

Schmidt & Co. (Hong Kong) 
Ltd. 

Wing On Centre, 28th Floor 

Connaught Road, C. . 

Hong Kong 

Tel: 5-455644 

Telex: 74766 SCHMX HX 


INDIA 

Blue Star Ltd. 

Sahas 

414/2 Vir Savarkar Marg 
Prabhadevi 

Bombay 400 025 

Tel: 45 78 87 

Telex: 011-4093 


Blue Star Ltd. 

Band Box House 
Prabhadevi 
Bombay 400 025 
Tel: 45 73 01 
Telex: 011-3751 


Blue Star Ltd. 

Bhavdeep 

Stadium Road 
Ahmedabad 380 014 
Tel: 43922 

Telex: 012-234 


Blue Star Ltd. 

7 Hare Street 
Calcutta 700 001 
Tel: 23-0131 
Telex: 021-7655 


Blue Star Ltd. 
Bhandari House 

91 Nehru Place 

New Delhi 110 024 
Tel: 682547 

Telex: 031-2463 


Blue Star Ltd, 

T.C. 7/603 ‘Poornima’ 
Maruthankuzhi 
Trivandrum 695 013 
Tel: 65799 

Telex: 0884-259 


Blue Star Ltd. 

11 Magarath Road 
Bangalore 560 025 
Tel: 55668 

Telex: 0845-430 


Blue Star Ltd. 

Meeakshi Mandiram 

XXXXV/1379-2 Mahatma 
Gandhi Rd. 

Cochin 682 016 

Tel: 32069 

Telex: 085-514 


Blue Star Ltd. 

1-1-117/1 Sarojini Devi Road 
Secunderabad 500 033 
Tel: 70126 

Telex: 0155-459 

Blue Star Ltd. 

133 Kodambakkam High Road 
Madras 600 034 

Tel: 82057 

Telex: 041-379 


ICELAND 

Medical Only 

Elding Trading Company Inc. 
Hafnarnvoli - Tryggvagdtu 
P.O. Box 895 
IS-Reykjavik 

Tel: 1 58 20/1 63 03 


INDONESIA 

BERCA Indonesia P.T. 
P.O. Box 496/Jkt. 

Jin. Abdul Muis 62 
Jakarte 

Tel: 349255, 349886 
Telex: 46748 BERSIL IA 


BERCA Indonesia P.T. 
P.O. Box 174/Sby. 
23 Jin. Jimerto 
Surabaya 

Tel: 42027 


IRELAND 


Hewlett-Packard Lid. 
Kestrel House 
Clanwilliam Place 
Lower Mount Street 
Dublin 2, Eire 


Hewlett-Packard Ltd. 
2C Avongberg Ind. Est. 
Long Mile Road 
Dublin 12 

Tel: 514322/5 14224 
Telex: 30439 


Medical Only 

Cardiac Services (Ireland) Ltd. 
Kilmore Road 

Artane 

Dublin 5, Eire 

Tel: (01) 315820 
Medical Only 

Cardiac Services Co. 
95A Finaghy Rd. South 
Belfast BT 10 OBY 
GB-Northern Ireland 
Tel: (0232) 625566 
Telex: 747626 


ISRAEL 

Electronics Engineering Div. 
of Motorola Israel Ltd. 

16, Kremenetski Street 

P.O. Box 25016 

Tel-Aviv 

Tel: 38973 

Telex: 33569, 34164 


ITALY 


Hewlett-Packard Italiana S.p.A. 


Via G. Di Vittorio, 9 

20063 Cernusco Sul 
Naviglio (Mi) 

Tel: (2) 903691 

Telex: 334632 HEWPACKIT 


Hewlett-Packard Italiana S.p.A. 


Via Turazza, 14 

35100 Padova 

Tel: (49) 664888 

Telex: 430315 HEWPACKI 


Hewlett-Packard Italiana S.p.A. 


Via G. Armellini 10 
1-00143 Roma 
Tel: (06) 54 69 61 
Telex: 610514 


Hewlett-Packard Italiana S.p.A. 


Corso Giovanni Lanza 94 
|-10133 Torino 

Tel: (011) 659308 

Telex: 221079 


Hewlett-Packard Italiana S.p.A. 


Via Principe Nicola 43 G/C 
1-95126 Catania 

Tel: (095) 37 05 04 
Telex: 970291 


Hewlett-Packard Italiana S.p.A. 


Via Nuova san Rocco A 
Capadimonte, 62A 

80131 Napoli 

Tel: (081) 710698 


Hewlett-Packard Italiana S.p.A. 
Via Martin Luther King, 38/111 
|-40132 Bologna 

Tel: (051) 402394 

Telex: 511630 


JAPAN 

Yokogawa-Hewlett-Packard 
Ltd. 

29-21, Takaido-Higashi 
3-chome 

Suginami-ku, Tokyo 168 

Tel: 03-331-6111 

Telex: 232-2024 YHP-Tokyo 


Yokogawa-Hewlett-Packard 
Ltd. 

Chuo Bidg., 4th Floor 

4-20, Nishinakajima 5-chome 

Yodogawa-ku, Osaka-shi 

Osaka, 532 

Tel: 06-304-6021 

Telex: 523-3624 


Yokogawa-Hewlett-Packard 
Ltd 


Sunitomo Seimei Nagaya Bldg. 


11-2 Shimosasajima-cho, 
Nakamura-ku, Nagoya, 450 
Tel: 052 571-5171 


Yokogawa-Hewlett-Packard 
Ltd. 

Tanigawa Building 

2-24-1 Tsuruya-cho 

Kanagawa-ku 

Yokohama, 221 

Tel: 045-312-1252 

Telex: 382-3204 YHP YOK 


Yokogawa-Hewlett-Packard 
Lid. 

Mito Mitsui Building 

105, 1-chome, San-no-maru 

Mito, Ibaragi 310 

Tel: 0292-25-7470 


Yokogawa-Hewlett-Packard 
Ltd. 

Inoue Building 

1348-3, Asahi-cho, 1-chome 

Atsugi, Kanagawa 243 

Tel: 0462-24-0452 


Yokogawa-Hewlett-Packard 
Ltd. 

Kumagaya Asahi 

Hachijuni Building 

4th Floor 

3-4, Tsukuba 

Kumagaya, Saitama 360 

Tel: 0485-24-6563 


JORDAN 

Mouasher Cousins Co. 
P.O. Box 1387 
Amman 

Tel: 24907/39907 
Telex: SABCO JO 1456 


KENYA 
ADCOM Lid., Inc. 
P.O. Box 30070 
Nairobi 

Tel: 331955 
Telex: 22639 


Medical Only 


International Aeradio (E.A.) Ltd. 


P.O. Box 19012 
Nairobi Airport 
Nairobi 

Tel: 336055/56 
Telex: 22201/22301 


Medical Only 


International Aeradio (E.A.) Ltd. 


P.O. Box 95221 
Mombasa 


KOREA 

Samsung Electronics Co., Ltd. 
4759 Shingil-6-Dong 

Yeong Deung POU 

Seoul 

Tel: 833-4122, 4121 

Telex: SAMSAN 27364 


KUWAIT 

Al-Khaldiya Trading & 
Contracting 

P.O. Box 830-Safat 

Kuwait 

Tel: 42 4910/41 1726 

Telex: 2481 Areeg kt 


LUXEMBURG 

Hewlett-Packard Beneluz 
S.A./N.V. 

Avenue du Col-Vert, 1 

(Groenkraaglaan) 

B-1170 Brussels 

Tel: (02) 660 5050 

Telex: 23 494 


MALAYSIA 
Hewlett-Packard Sales 
(Malaysia) Sdn. Bhd. 
Suite 2.21/2.22 
Bangunan Angkasa Raya 
Jalan Ampang 

Kuala Lumpur 

Tel: 483680, 485653 


Protel Engineering 
P.O. Box 1917 

Lot 259, Satok Road 
Kuching, Sarawak 
Tel: 53544 


MEXICO 

Hewlett-Packard Mexicana, 
S.A. de C.V. 

Av. Periférico Sur No. 6501 

Tepepan, Xochimilco 

Mexico 23, D.F. 

Tel: 905-676-4600 

Telex: 017-74-507 

Hewlett-Packard Mexicana, 
S.A. de C.V. 

Rio Volga #600 

Col. Del Valle 

Monterrey, N.L. 

Tel: 78-32-10 


MOROCCO 
Dolbeau 

81 rue Karatchi 
Casablanca 

Tel: 3041 82 

Telex: 2305 1/22822 


Gerep 

2, rue d'Agadir 
Boite Postal 156 
Casablanca 
Tel: 272093/5 
Telex: 23 739 


MOZAMBIQUE 

A.N. Goncalves, Ltd. 

162, 1° Apt. 14 Av. D. Luis 
Caixa Postal 107 

Maputo 

Tel: 27091, 27114 

Telex: 6-203 NEGON Mo 


NETHERLANDS 
Hewlett-Packard Benelux N.V. 
Van Heuven Goedhartlaan 121 
P.0. Box 667 

1181KK Amstelveen 

Tel: (20) 47 20 21 

Telex: 13 216 


NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 
4-12 Cruickshank Street 
Kilbirnie, Wellington 3 

P.O. Box 9443 

Courtney Place 
Wellington 

Tel: 877-199 


Hewlett-Packard (N.Z.) Ltd. 
P.O. Box 26-189 

169 Manukau Road 
Epsom, Auckland 

Tel: 687-159 


Analytical/Medical Only 

Northrop Instruments & 
Systems Ltd., 

Sturdee House 

85-87 Ghuznee Street 

P.0. Box 2406 

Wellington 

Tel: 850-091 

Telex: NZ 31291 


Northrup Instruments & 
Systems Ltd. 

Eden House, 44 Khyber Pass 
Rd. 

P.O. Box 9682, Newmarket 

Auckland 1 

Tel: 794-091 


Northrup Instruments & 
Systems Ltd. 

Terrace House, 4 Oxford 
Terrace 

P.O. Box 8388 

Christchurch 

Tel: 64-165 


NIGERIA 

The Electronics 
Instrumentations Ltd. 

N6B/770 Oyo Road 

Oluseun House 

P.M.B. 5402 

Ibadan 

Tel: 461577 

Telex: 31231 TEIL NG 


The Electronics 
Instrumentations Ltd. 

144 Agege Motor Road, Mushin 

P.O. Box 481 

Mushin, Lagos 


NORWAY 
Hewlett-Packard Norge A/S 
Ostendalen 18 

P.0. Box 34 

1345 Osteraas 

Tel: (02) 1711 80 

Telex: 16621 hpnas n 


Hewlett-Packard Norge A/S 
Nygaardsgaten 114 

P.O. Box 4210 

5013 Nygaardsgaten, 
Bergen 

Tel: (05) 21 97 33 


PANAMA 

Electr6nico Balboa, S.A. 
Aparatado 4929 

Panama 5 

Calle Samuel Lewis 
Edificio “Alfa,” No. 2 
Ciudad de Panama 
Tel: 64-2700 

Telex: 3483103 Curundu, 
Canal Zone 


PERU 

Compafifa Electro Médica S.A. 

Los Flamencos 145 

San Isidro Casilla 1030 

Lima 1 

Tel: 41-4325 

Telex: Pub. Booth 25424 
SISIDRO 


PAKISTAN 

Mushko & Company Ltd. 
Oosman Chambers 
Abdullah Haroon Road 
Karachi-3 

Tel: 511027, 512927 
Telex: 2894 
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Should one of your HP instruments need 
repair, the HP service organization is 
ready to serve you. However, you can 
help us serve you more effectively. When 
sending an instrument to HP for repair, 
please fill out this card and attach it to 
the product. Increased repair. efficiency 
and reduced turn-around time should 
result. 
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Accessories returned with unit 
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OTHER 
over 
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Should one of your HP instruments need 
repair, the HP service organization is 
ready to serve you. However, you can 
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sending an instrument to HP for repair, 
please fill out this card and attach it to 
the product. Increased repair. efficiency 
and reduced turn-around time should 
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Should one of your HP instruments need 
repair, the HP service organization is 
ready to serve you. However, you can 
help us serve you more effectively. When 
sending an instrument to HP for repair, 
please fill out this card and attach it to 
the product. Increased repair. efficiency 
and reduced turn-around time should 
result. 


COMPANY 


ADDRESS 


TECHNICAL CONTACT PERSON 


PHONE NO. EXT. 
MODEL NO. SERIAL NO. 
MODEL NO SERIAL NO. 
P.O. NO DATE 


Accessories returned with unit 
LINONE LI CABLE(S) 


LC) POWER CABLE LIADAPTER(S) 
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Should one of your HP instruments need 
repair, the HP service organization is 
ready to serve you. However, you can 
help us serve you more effectively. When 
sending an instrument to HP for repair, 
please fill out this card and attach it to 
the product. Increased repair. efficiency 
and reduced turn-around time should 
result. ’ 


COMPANY 


ADDRESS 


TECHNICAL CONTACT PERSON 


PHONE NO. PG) fie 
MODEL NO. SERIAL NO. 
MODEL NO. SERIAL NO. 
P.O. NO. DATE 


Accessories returned with unit 
CINONE CI cABLE(S) 


LC) Power caBLce CApDAPTER(S) 
OTHER 


over 
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Should one of your HP instruments need 
repair, the HP service organization is 
ready to serve you. However, you can 
help us serve you more effectively. When 
sending an instrument to HP for repair, 
please fill out this card and attach it to 
the product. Increased repair. efficiency 
and reduced turn-around time should 
result, 


COMPANY 


ADDRESS 


TECHNICAL CONTACT PERSON 


PHONE NO. EXT. 
MODEL NO. SERIAL NO. 
MODEL NO SERIAL NO. 
P.O. NO DATE 


Accessories returned with unit 
LINONE LI cCABLE(S) 


CLC) Power CABLE LCIADAPTER(S) 


OTHER 


over 


Cd packano 


Should one of your HP instruments need 
repair, the HP service organization is 
ready to serve you. However, you can 
help us serve you more effectively. When 
sending an instrument to HP for repair, 
please fill out this card and attach it to 
the product. Increased repair. efficiency 
and reduced turn-around time should 
result, 


PHONE NO EXT. 
MODEL NO SERIAL NO. 
MODEL NO SERIAL NO. 
PO. NO: DATE 


Accessories returned with unit 


LUNONE LI CABLE(S) 


CL) POWER CABLE CO ADAPTER(S) 


OTHER 
over 


Service needed 


L] CALIBRATION ONLY 


LCI REPAIR L] REPAIR & CAL 


OTHER 


Observed symptoms/problems 


FAILURE MODE IS: 
LJ CONSTANT 1 INTERMITTENT 


SENSITIVE TO: 


Olcotp Ouneat UO viBRATION 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 
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Service needed 


LJ CALIBRATION ONLY 


LI REPAIR LJ REPAIR & CAL 


OTHER 


Observed symptoms/problems 


FAILURE MODE IS: 


L] CONSTANT CU INTERMITTENT 


SENSITIVE TO: 


CO) cotp OHneat OF viBrRation 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


Service needed 


LI CALIBRATION ONLY 


LI REPAIR L] REPAIR & CAL 


OTHER 


Observed symptoms/problems 


FAILURE MODE IS: 


L] CONSTANT CJ INTERMITTENT 


SENSITIVE TO: 


Olcotp OUWxHeat UO VIBRATION 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


5955-8108 Printed in U.S.A. 


Service needed 


L] CALIBRATION ONLY 
LJ REPAIR & CAL 


Observed symptoms/problems 


FAILURE MODE IS: 


L1 CONSTANT OO INTERMITTENT 


SENSITIVE TO: 


Ocotp OxHeat UO viBRATION 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


Service needed 


LI CALIBRATION ONLY 


LI REPAIR 1) REPAIR & CAL 


OTHER 


Observed symptoms/problems 


FAILURE MODE IS: 


LI CONSTANT CO INTERMITTENT 


SENSITIVE TO: 


Ocotp OnHeat UO viBRATION 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


5955-8108 Printed in U.S.A. 


& 


Service needed 


L] CALIBRATION ONLY 
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OTHER 


Observed symptoms/problems 


FAILURE MODE IS: 


CL CONSTANT OO iNTERMITTENT 


SENSITIVE TO: 


Ocotp Oneat UO viBRATION 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


Mushko & Company, Ltd. 
10, Bazar Ad. 

Sector G-6/4 
Islamabad 

Tel: 28264 


PHILIPPINES 

The Online Advanced Systems 
Corporation 

Rico House 

Amorsolo cor. Herrera Str. 
Legaspi Village, Makati 
P.0. Box 1510 

Metro Manila 

Tel: 85-35-81, 85-34-91, 
85-32-21 

Telex: 3274 ONLINE 


RHODESIA 

Field Technical Sales 
45 Kelvin Road North 
P.0. Box 3458 
Salisbury 

Tel: 705231 (5 lines) 
Telex: RH 4122 


POLAND 

Biuro Informacji Technicznej 
Hewlett-Packard 

UI Stawki 2, 6P 

PLOO-950 Warszawa 
Tel: 39 59 62, 39 51 87 
Telex: 81 24 53 


PORTUGAL 
Telectra-Empresa Técnica de 
Equipamentos Eléctricos 

S.arl. 
Rua Rodrigo da Fonseca 103 
P.0. Box 2531 
~ P-Lisbon 1 
Tel: (19) 68 60 72 
Telex: 12598 
Medical Only 
Mundinter 
Intercambio Mundial de 
Comércio S.a.r.l. 
P.O. Box 2761 
Avenida Antonio Augusto 
de Aguiar 138 
P-Lisbon 
Tel: (19) 53 21 31/7 
Telex: 16691 munter p 


PUERTO RICO 

Hewlett-Packard Inter- 
Americas 

Puerto Rico Branch Office 

Calle 272, 

#203 Urb. Country Club 

Carolina 00630 

Tei: (809) 762-7255 

Telex: 345 0514 


QATAR 

Nasser Trading & Contracting 
P.0. Box 1563 

Doha 

Tel: 22170 

Telex: 4439 NASSER 


ROMANIA 

Hewlett-Packard 
Reprezentanta 

Bd.n. Balcescu 16 

Bucuresti 

Tel: 15 80 23/13 88 85 

Telex: 10440 


SAUD! ARABIA 
Modern Electronic 
Establishment (Head Office) 


P.O. Box 1228, Baghdadiah 


Telex: 40035 
Cable: ELECTA JEDDAH 


Modern Electronic 
Establishment (Branch) 

P.O. Box 2728 

Riyadh 

Tel: 62596/66232 

Telex: 202049 


Modern Electronic 
Establishment (Branch) 

P.0. Box 193 

Al-Khobar 

Tel: 44678-44813 

Telex: 670136 

Cable: ELECTA AL-KHOBAR 


SINGAPORE 

Hewlett-Packard Singapore 
(Pte.) Lid. 

6th Floor, inchcape House 

450-452 Alexandra Road 

P.0, Box 58 

Alexandra Post Office 

Singapore 9115 

Tel: 631788 

Telex: HPSG RS 21486 


SOUTH AFRICA 

Hewlett-Packard South Africa 
(Pty.), Ltd. 

Private Bag Wendywood, 

Sandton, Transvaal, 2144 

Hewlett-Packard Centre 

Daphne Street, Wendywood, 

Sandton, 2144 

Tel: 802-5111/25 

Telex: 8-4782 


Hewlett-Packard South Africa 
(Pty.), Ltd. 

P.0. Box 120 

Howard Place, 

Cape Province, 7450 

Pine Park Centre, Forest Drive, 

Pinelands, 

Cape Province, 7405 

Tel: 53-7955 thru 9 

Telex: 57-0006 

SPAIN 

Hewlett-Packard Espafiola, 
S.A. 

Calle Jerez 3 

E-Madrid 16 

Tel: (1) 458 26 00 (10 lines) 

Telex: 23515 hpe 


Hewlett-Packard Espafiola S.A. 
Colonia Mirasierra 

Edificio Juban 

c/o Costa Brava, 13 

Madrid 34 


Hewlett-Packard Espafola, 
A. 


Milanesado 21-23 
E-Barcelona 17 

Tel: (3) 203 6200 (5 lines) 
Telex: 52603 hpbe e 


Hewlett-Packard Espafiola, 
S.A. 

Av Ramé6n y Cajal, 1 

Edificio Sevilla, planta 9° 

E-Sevilla 5 

Tel: 64 44 54/58 


Hewlett-Packard Espafiola S.A. 
Edificio Albia ll 7° B 
E-Bilbao 1 

Tel: 23 83 06/23 82 06 


Hewlett-Packard Espafiola S.A. 
C/Ramon Gordillo 1 
(Entlo.) 
E-Valencia 10 
Tel: 96-361. 13.54/36 1.13.58 


SRI LANKA 
Metropolitan Agencies Ltd. 
209/9 Union Place 
Colombo 2 

Tel: 35947 

Telex: 1377METROLTD CE 


SUDAN 
Radison Trade 
P.0. Box 921 
Khartoum 
Tel: 44048 
Telex: 375 


SURINAM 

Surtel Radio Holland N.V. 
Grote Hofstr. 3-5 

P.O, Box 155 
Paramaribo 

Tel: 72118, 77880 


SWEDEN 
Hewlett-Packard Sverige AB 
Enighetsviigen 3, Fack 
S-161 Bromma 20 

Tel: (08) 730 05 50 

Telex: 10721 

Cable: MEASUREMENTS 
Stockholm 


Hewlett-Packard Sverige AB 

Frétalisgatan 30 

S-421 32 Vastra 
Frélunda 

Tel: (031) 49 09 50 

Telex: 10721 via Bromma 
office 


SWITZERLAND 
Hewlett-Packard (Schweiz) AG 
Zurcherstrasse 20 

P.0. Box 307 

CH-8952 Schlieren- 
Zurich 

Tel: (01) 7305240 

Telex: 53933 hpag ch 

Cable: HPAG CH 


Hewlett-Packard (Schweiz) AG 

Chateau Bloc 19 

CH-1219 Le Lignon- 
Geneva 

Tel: (022) 96 03 22 

Telex: 27333 hpag ch 

Cable: HEWPACKAG Geneva 


K+} SALES OFFICES 


) Arranged alphabetically by country (cont.) 


SYRIA 

General Electronic Inc. 

Nuri Basha-Ahnaf Ebn Kays 
Street 

P.0. Box 5781 

Damascus 

Tel: 33 24 87 

Telex: 11215 ITIKAL 

Cable: ELECTROBOR 
DAMASCUS 


Medical only 

Sawah & Co. 

Place Azmé 

B.P. 2308 

Damascus 

Tel: 16 367-19 697-14 268 
Telex: 11304 SATACO SY 
Cable: SAWAH, DAMASCUS 


Suleiman Hilal E| Mlawi 

P.O. Box 2528 

Mamoun Bitar Street, 56-58 
Damascus 

Tel: 11 46 63 

Telex: 11270 

Cable: HILAL DAMASCUS 


TAIWAN 

Hewlett-Packard Far East Lid. 
Taiwan Branch 

Bank Tower, 5th Floor 

205 Tun Hau North Road 
Taipei 

Tel: (02) 751-0404 (15 lines) 
Hewlett-Packard Far East Ltd. 
Taiwan Branch 

68-2, Chung Cheng 3rd. Road 
Kaohsiung 

Tel: (07) 2423 18-Kaohsiung 


Analytical Only 

San Kwang Instruments Co., 
Ltd. 

20 Yung Sui Road 

Taipei 

Tel: 3615446-9 (4 lines) 

Telex: 22894 SANKWANG 


TANZANIA 

Medical Only 

International Aeradio (E.A.), Ltd. 
P.O. Box 861 

Dar es Salaam 

Tel: 21251 Ext. 265 

Telex: 41030 


THAILAND 

UNIMESA Co. Ltd. 

Elcom Research Building 
2538 Sukumvit Ave. 
Bangchak, Bangkok 
Tel: 39-32-387, 39-30-338 


TRINIDAD & 
TOBAGO 

CARTEL 

Caribbean Telecoms Ltd. 
P.O. Box 732 

69 Frederick Street 
Port-of-Spain 

Tel: 62-53068 


TUNISIA 

Tunisie Electronique 

31 Avenue de la Liberte 
Tunis 

Tel: 280 144 


Corema 

1 ter. Av. de Carthage 
Tunis 

Tel: 253 821 

Telex: 12319 CABAM TN 


TURKEY 

TEKNIM Company Ltd. 
Riza Sah Pehlevi 
Caddesi No. 7 
Kavaklidere, Ankara 
Tel: 275800 

Telex: 42155 


Teknim Com., Ltd. 
Barbaros Bulvari 55/12 
Besikyas, istanbul 
Tel: 613 546 

Telex: 23540 


E.M.A. 

Muhendislik Kollektif Sirketi 
Medina Eldem Sokak 41/6 
YUksel Caddesi 

Ankara 

Tel: 17 56 22 


Yilmaz Ozyurek 

Milli Mudafaa Cad 16/6 
Kizilay 

Ankara 

Tel: 25 03 09 - 17 80 26 
Telex: 42576 OZEK TR 


UNITED ARAB 
EMIRATES 

Emitac Lid. (Head Office) 
P.O. Box 1641 
Sharjah 

Tel: 354121/3 

Telex: 8136 


Emitac Ltd. (Branch Office) 
P.O. Box 2711 

Abu Dhabi 

Tel: 331370/1 


UNITED KINGDOM 
Hewlett-Packard Ltd. 
King Street Lane 
Winnersh, Wokingham 
Berkshire RG11 5AR 
GB-England 

Tel: (0734) 784774 
Telex: 84 71 78/9 


Hewlett-Packard Ltd. 
Fourier House, 
257-263 High Street 
London Colney 

St. Albans, Herts 
GB-England 

Tel: (0727) 24400 
Telex: 1-89527 16 


Hewlett-Packard Ltd. 
Trafalgar House 
Navigation Road 
Altrincham 
Cheshire WA14 1NU 
GB-England 

Tel: (061) 928 6422 
Telex: 668068 


Hewlett-Packard Ltd. 
Lygon Court 

Hereward Rise 

Dudley Road 
Halesowen, 

West Midlands, B62 8SD 
GB-England 

Tel: (021) 501 1221 
Telex: 339105 


Hewlett-Packard Ltd. 
Wedge House 

799, London Road 
Thornton Heath 
Surrey, CR4 6XL 
GB-England 

Tel: (01) 684-0103/8 
Telex: 946825 


Hewlett-Packard Ltd. 
14 Wesley St 
Castleford 

Yorks WF10 1AE 
Tel: (0977) 550016 
TWX: 5557335 


Hewlett-Packard Ltd. 
Tradax House 

St. Mary's Walk 
Maidenhead 
Berkshire, SL6 1ST 
GB-England 
Hewlett-Packard Ltd. 
Morley Road 
Staplehill 

Bristol, BS16 40T 
GB-England 
Hewlett-Packard Lid, 
South Queensferry 
West Lothian, EH30 9TG 
GB-Scotland 

Tel: (031) 331 1188 
Telex: 72682 
UNITED STATES 


ALABAMA 

700 Century Park South, 
Suite 128 

Birmingham 35226 

Tel: (205) 822-6802 


P.O. Box 4207 
8290 Whitesburg Dr. 
Huntsville 35802 
Tel: (205) 881-4591 
ARIZONA 

2336 E. Magnolia St. 
Phoenix 85034 
Tel: (602) 273-8000 
2424 East Aragon Rd. 
Tucson 85706 

Tel: (602) 273-8000 


“ARKANSAS . 
Medical Service Only 
P.0. Box 5646 
Brady Station 

Little Rock 72215 
Tel: (501) 376-1844 


CALIFORNIA 


1579 W. Shaw Ave. 

Fresno 93771 

Tel: (209) 224-0582 

1430 East Orangethorpe Ave. 
Fullerton 92631 

Tel: (714) 870-1000 


5400 West Rosecrans Blvd. 
P.0. Box 92105 

World Way Postal Center 
Los Angeles 90009 

Tel: (213) 970-7500 

TWX: 910-325-6608 


3939 Lankershim Boulevard 
North Hollywood 91604 
Tel: (213) 877-1282 
TWX: 910-499-2671 


3200 Hillview Av 

Palo Alto, CA 94304 
Tel: (408) 988-7000 

646 W. North Market Bivd. 
Sacramento 95834 
Tel: (916) 929-7222 


9606 Aero Drive 
P.O. Box 23333 
San Diego 92123 
Tel: (714) 279-3200 


363 Brookhollow Dr. 
Santa Ana, CA 92705 
Tel: (714) 641-0977 
3003 Scott Boulevard 
Santa Clara 95050 
Tel: (408) 988-7000 
TWX: 910-338-0518 


454 Carlton Court 
So. San Francisco 94080 
Tel: (415) 877-0772 


“Tarzana 
Tel: (213) 705-3344 


COLORADO 

5600 DTC Parkway 
Englewood 80110 
Tel: (303) 771-3455 


CONNECTICUT 

47 Barnes Industrial Road 
Barnes Park South 
Wallingford 06492 
Tel: (203) 265-7801. 


FLORIDA 

P.O. Box 24210 

2727 N.W. 62nd Street 
Ft. Lauderdale 33309 
Tel: (305) 973-2600 


4080 Woodcock Drive #132 
Brownett Building 
Jacksonville 32207 

Tel: (904) 398-0663 

P.0. Box 13910 

6177 Lake Ellenor Dr. 
Orlando 32809 

Tel: (305) 859-2900 


P.O. Box 12826 

Suite 5, Bldg. 1 

Office Park North 
Pensacola 32575 
Tel: (904) 476-8422 
110 South Hoover Bivd. 
Suite 120 

Tampa 33609 

Tel: (813) 872-0900 


GEORGIA 

P.O. Box 105005 

450 Interstate North Parkway 
Atlanta 30348 

Tel: (404) 955-1500 

TWX: 810-766-4890 


Medical Service Only 
“Augusta 30903 
Tel: (404) 736-0592 


P.0. Box 2103 

1172 N. Davis Drive 
Warner Robins 31098 
Tel: (912) 922-0449 


HAWAII 

2875 So. King Street 
Honolulu 96826 
Tel: (808) 955-4455 


ILLINOIS 

211 Prospect Rd. 
Bloomington 61701 
Tel: (309) 663-0383 
5201 Tollview Dr. 
Rolling Meadows 
60008 

Tel: (312) 255-9800 
TWX: 910-687-2260 


INDIANA 

7301 North Shadeland Ave. 
indianapolis 46250 

Tel: (317) 842-1000 

TWX: 810-260-1797 


1OWA 

2415 Heinz Road 
lowa City 52240 
Tel: (319) 351-1020 


KENTUCKY 

10170 Linn Station Road 
Suite 525 

Louisville 40223 

Tel: (502) 426-0100 


LOUISIANA 

P.O. Box 1449 

3229-39 Williams Boulevard 
Kenner 70062 

Tel: (504) 443-6201 


MARYLAND 

7121 Standard Drive 
Parkway Industrial Center 
Hanover 21076 

Tel: (301) 796-7700 
TWX: 710-862-1943 


2 Choke Cherry Road 
Rockville 20850 
Tel: (301) 948-6370 
TWX: 710-828-9684 


MASSACHUSETTS 
32 Hartwell Ave. 
Lexington 02173 
Tel: (617) 861-8960 
TWX: 710-326-6904 


MICHIGAN 

23855 Research Drive 
Farmington Hills 48024 
Tel: (313) 476-6400 


724 West Centre Ave. 
Kalamazoo 49002 
Tel: (616) 323-8362 


MINNESOTA 


2400 N. Prior Ave. 
St. Paul 55113 
Tel: (612) 636-0700 


MISSISSIPPI 

322 N. Mart Plaza 
Jackson 39206 
Tel: (601) 982-9363 


MISSOURI 

11131 Colorado Ave. 
Kansas City 64137 
Tel: (816) 763-8000 
TWX: 910-77 1-2087 


1024 Executive Parkway 
St. Louis 63141 
Tel: (314) 878-0200 


NEBRASKA 
Medical Only 

7101 Mercy Road 
Suite 101 

Omaha 68106 
Tel: (402) 392-0948 


NEVADA 
“Las Vegas 
Tel: (702) 736-6610 


NEW JERSEY 

Crystal Brook Professional 
Building 

Route 35 

Eatontown 07724 

Tel: (201) 542-1384 


W. 120 Century Rd. 
Paramus 07652 

Tel: (201) 265-5000 
TWX: 710-990-4951 
NEW MEXICO 

P.O. Box 11634 
Station E 

11300 Lomas Bivd., N.E. 
Albuquerque 87 123 
Tel: (505) 292-1330 
TWX: 910-989-1185 


156 Wyatt Drive 

Las Cruces 88001 
Tel: (505) 526-2484 
TWX: 910-9983-0550 


NEW YORK 

6 Automation Lane 
Computer Park 

Albany 12205 

Tel: (518) 458-1550 
TWX: 710-444-4961 
650 Perinton Hill Office Park 
Fairport 14450 

Tel: (716) 223-9950 
TWX: 510-253-0092 

No. 1 Pennsylvania Plaza 
55th Floor 

34th Street & 8th Avenue 
New York 10001 

Tel: (212) 971-0800 
5858 East Molloy Road 
Syracuse 13211 

Tel: (315) 455-2486 


1 Crossways Park West 
Woodbury 11797 
Tel: (516) 921-0300 
TWX: 510-221-2183 
Tel: (513) 671-7400 


NORTH CAROLINA 
5605 Roanne Way 
Greensboro 27409 
Tel: (919) 852-1800 


OHIO 
Medical/Computer Only 
9920 Carver Road 
Cincinnati 45242 
Tel: (513) 891-9870 
16500 Sprague Road 
Cleveland 44130 
Tel: (216) 243-7300 
TWX: 810-423-9430 


962 Crupper Ave. 
Columbus 43229 
Tel: (614) 436-1041 


330 Progress Rd. 
Dayton 45449 
Tel: (513) 859-8202 


OKLAHOMA 

P.0. Box 32008 

6301 .N. Meridan Avenue 
Oklahoma City 73112 
Tel: (405) 721-0200 


9920 E. 42nd Street 
Suite 121 

Tulea 74145 

Tel: (918) 665-3300 


OREGON 

17890 S.W. Lower Boones 
Ferry Road 

Tualatin 97062 

Tel: (503) 620-3350 


PENNSYLVANIA 

1021 8th Avenue 

King of Prussia Industrial Park 
King of Prussia 19406 
Tel: (215) 265-7000 

TWX: 510-660-2670 


111 Zeta Drive 
Pittsburgh 15238 
Tel: (412) 782-0400 


SOUTH CAROLINA 
P.O. Box 6442 

6941-0 N. Trenholm Road 
Columbia 29206 

Tel: (803) 782-6493 


TENNESSEE 
8906 Kingston Pike 
Knoxville 37919 
Tel: (615) 691-2371 


3070 Directors Row 
Directors Square 
Memphis 38131 
Tel: (901) 346-8370 
“Nashville 

Medical Service Only 
Tel: (615) 244-5448 


TEXAS 

4171 North Mesa 
Suite C110 

El Paso 79902 
Tel: (915) 533-3555 


P.O. Box 42816 
10535 Harwin St. 
Houston 77036 
Tel: (713) 776-6400 


“Lubbock 
Medical Service Only 
Tel: (806) 799-4472 


P.O. Box 1270 

201 E. Arapaho Rd. 

Richardson 75081 
Tel: (214) 231-6101 


205 Billy Mitchell Road 
San Antonio 78226 
Tel: (512) 434-8241 


UTAH 

2160 South 3270 West Street 
Sait Lake City 84119 

Tel: (801) 972-4711 


VIRGINIA 


P.0. Box 9669 

2914 Hungary Spring Road 
Richmond 23228 

Tel: (804) 285-3431 


Computer Systems/Medical 
Only 

Airport Executive Center 

Suite 302 

5700 Thurston Avenue 

Virginia Beach 23455 

Tel: (804) 460-2471 


WASHINGTON 
Bellefield Office Pk. 
1203 - 114th Ave. S.E. 
Bellevue 98004 

Tel: (206) 454-3971 
TWX: 910-443-2446 
P.O. Box 4010 
Spokane 99202 

Tel: (509) 535-0864 


“WEST VIRGINIA 
Medical/Analytical Only 
4604 Mac Corkle Ave., S.E. 
Charleston 25304 

Tel: (304) 925-0492 


WISCONSIN 

150 South Sunny Slope Road 
Brookfield 53005 

Tel: (414) 784-8800 


FOR U.S. AREAS 

NOT LISTED: 

Contact the regional office 
nearest you: 

Atlanta, Georgia... North 
Holly-wood, California. . . 
Rockville, Maryland. . . 
Rolling Meadows, ilinois. 
Their complete addresses 

are listed above. 


USSR 

Hewlett-Packard 
Representative Office 

USSR 

Pokrovsky Boulevard 
4/17-kw 12 

Moscow 101000 

Tel: 294.20.24 

Telex: 7825 hewpak su 


YUGOSLAVIA 

Iskra Commerce, n.sol.o. 
Zastopstvo Hewlett-Packard 
Obilicev Venac 26 

YU 11000 Beograd 

Tel: 636-955 

Telex: 11530 


iskra Commerce, n.sol.o. 
Zastopstvo Hewlett-Packard 
Miklosiceva 38/Vil 
YU-61000 Ljubljana 

Tel: 321-674, 315-879 
Telex: 31583 


URUGUAY 

Pablo Ferrando S.A.C.el. 
Avenida Italia 2877 
Casilla de Correo 370 
Montevideo 

Tel: 40-3102 

Telex: 702 Public Booth 
Para Pablo Ferrando 


VENEZUELA 

Hewlett-Packard de Venezuela 
CA. 

P.O. Box 50933 

Caracas 105 

Los Ruices Norte 

3a Transversal 

Edificio Segre 

Caracas 107 

Tel: 239-4133 (20 lines) 

Telex: 25146 HEWPACK 


ZAMBIA 

R.J. Tilbury (Zarnbia) Ltd. 
P.O. Box 2792 

Lusaka 

Tel: 73793 


MEDITERRANEAN AND 

MIDDLE EAST 

COUNTRIES NOT 

SHOWN, PLEASE 

CONTACT: 

Hewlett-Packard S.A. 

Mediterranean and Middle East 
Operations 

35, Kolokotroni Street 

Platia Kefallariou 

GR-Kifissia-Athens, Greece 

Tel: 8080359/429 

Telex: 21-6588 

Cable: HEWPACKSA Athens 


SOCIALIST 
COUNTRIES NOT 
SHOWN, PLEASE 
CONTACT: 
Hewlett-Packard Ges.m.b.H. 
Handelskai 52 

P.0. Box 7 

A-1205 Vienna, Austria 
Tel: (0222) 35 16 21 to 27 
Cable: HEWPAK Vienna 
Telex: 75923 hewpak a 


OTHER AREAS NOT 

LISTED, CONTACT: 

Hewlett-Packard 
Intercontinental 

3495 Deer Creek Road 

Palo Alto, California 94304 

Tel: (415) 856-1501 

TWX: 910-373-1267 

Cable: HEWPACK Palo Alto 

Telex: 034-8300, 034-8493 


Hewlett-Packard S.A. 

7, rue du Bois-du-Lan 

P.O. Box 

CH-1217 Meyrin 2 - Geneva 
Switzerland 

Tel: (022) 82 70 00 

Cable: HEWPACKSA Geneva 
Telex: 2 24 86 


“Service Only 
2-15-80 
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